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THE MOST IMPORTANT AERIAL DEVELOPMENT 
OF THE WAR 
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THE AEROMARINE PLANE & MOTOR COMPANY 


Will Specialize in the Development and Production 
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THE FUTURE OF FLYING 
DEPENDS ON RELIABILITY 


The first and only direct 


ATLANTIC FLIGHT 
1880 Miles at 117'4 Miles an Hour 


Accomplished by 


Vickers-Vimy with two Rolls-Royce Engines 


A significant fact 


Every British Manufacturer Who Entered an Aeroplane 
in the Trans-Atlantic Flight Selected Rolls-Royce Engines 


ROLLS-ROYCE, AERO ENGINES LIKE ROLLS-ROYCE. CARS 
THE BEST IN THE. WORLD 


ROLLS ROYCE 


15 BROAD STREET, NEW YORK 









































August 15, 1919 AVIATION 








THOMAS-MORSE TANDEM 2-SEATER, TYPE S-6, EQUIPPED 
WITH 80-H.P. Le RHONE ENGINE. HIGH SPEED 105 M.P.H., LAND- 
ING SPEED, 35 M.P.H., CLIMB 7,800 FT. IN FIRST TEN MINUTES. 





THOMAS-MORSE, ‘SIDE-BY-SIDE 2-SEATER, TYPE S-7 EQUIPPED 
WITH 80-H. P. Le KHONE ENGINE, HIGH SPEED, 90 M. P.H. LAND- 
ING SPEED, 35 M.P.H. CLIMB 6,700 FT. IN FIRST TEN MINUTES. 


THOMAS~MORSE AIRCRAFT CORPORATION 
ITHACA .N.Y.U.S.A. 
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ATLAS WHEELS 


Are daily gaining in favor 


with manufacturers and 
pilots of aircraft because: ee Q R (Y\ ne] 
NORMA 


They Absorb Shocks 


a yo ee ee PRECISION 
ey Are More Neliable RALL REARINGS 


(PATENTED) 














Whether a machine be purchased for pleasure 
or for profit, it is bought with the idea of se- 
curing service from it—a service representing 
earnings on its first or investment cost. When 
that machine is laid up for repairs or replace- 
ments, it is an idle investment against which 
actual expense is being charged, instead of 
_ earnings credited. 


Failure of a bearing in a mag- 
neto or lighting generator des- 
troys the earning power of the 
machine that carries it. To 
guard against this, “NORMA” 
Precision Bearings have been 
adopted as standards by the 
builders of this’ electrical 
equipment, having proved by 
service tests the security which 


“NORMA” gives. 


Standard Sizes Carried in Stock Be SURE—See that your Electrical 
Apparatus is “NORMA” Equipped 


THE NORMA COMPANY OF AMERICA 


Inquiries and orders will i799 BROADWAY NEW YORK 
Ball, Roller, Thrust and Combination Bearings. 








receive prompt attention 








THE ATLAS WHEEL COMPANY 


Rockefeller Building 
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. HE NEW DEPARTURE Double 
Row Ball Bearing is a superior 
eliminant of friction and conserver of 
power, where end thrust stresses are to 
be resisted. Other types of bearings 
are not so efficient. 


This tapered -mandrel 
which exerts an enormous 
outward pressure on rolls, in 
forcing boiler tubes tight 
against the crown sheet or end 
plates, represents one type of 


bearing that resists end thrust . 


through wedging action. 


Because wedging always 
means friction, this principle 
must be avoided, if we are to 
avoid friction. 


The only bearing that 
takes thrust loads 6n abso- 
lutely correct principles is the 


\\ 


AUN\\N 


the 


The highest expression of 
the ball bearing for thrust 
loads is the New Departure 
Double Row. Here, two rows 
of balls run with angular lines 
of contact, so inclined that 
combinations of radial- and 
thrust loads are carried 
through the points of contact. 


This design permits balls 
to run freely and in their 
natural paths. No wedging 
—no binding—no cramping. 


THE NEW DEPARTURE MEG. CO., 
Bristol, Conn. Detroit, Mich. 
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Air Services and for the creation of an air de- 

partment in the form of an executive agency of 
the Government, which Senator Harry S. New has 
brought before Congress, is by far the most compre- 
hensive and well thought out measure that has been pro- 
posed with a view to further American aeronautics. 

The field of action assigned to the proposed air de- 
partment is sufficiently ample to provide for any emer- 
gency that might come up in connection with the main- 
tenance and up-to-date development of our air forces 
and the creation of a merchant air force, with the nec- 
essary air ports, supply depots, ete. In the words of 
the New bill, the air department would be ‘‘ charged 
with all matters pertaining to aeronautics for the Army 
and Navy, Post Office Department, Coast Guard, or 
any other department of Government in times of peace 
and war, for the improvement and development of the 
science of aeronautics as may be deemed desirable in 
the public interest, for the purpose of extending com- 
merce, and for such other utilization as may work to 
the betterment of the country.’’ 

The one great objection which is often made against 
an independent air force, namely, that the assignment 
of aeronautical units for tactical employment with the 
Army and the Navy on the basis of cooperation, that is, 
without effectual control on the part of the military 
and naval commanders concerned, would lead to ineffi- 
ciency is answered in the New bill with a provision to 
the effect that ‘‘ the tactical employment of all such 
units while so assigned shall be under the exclusive 
control of appropriate military and naval commanders.’’ 
Hence this objection falls to the ground. 

From the viewpoint of commercial aeronautics the 
creation of a separate air department commends itself 
with particular forcefulness. The conviction is daily 
gaining ground that aerial transport services will not 
come into being until what the French call the ‘‘ infra- 
structure ’’—that is, air routes provided with suitable 
landing grounds and properly marked for day and 
night flying—are organized. An organization of this 
sort is an undertaking of such magnitude that it sur- 
passes the powers of the aircraft industry. A promis- 
ing beginning has already been made by various cities 
with the establishment of municipal aerodromes, but it 
seems that this work should be supervised by the’ Gov- 
ernment so as to insure certain safety requirements and 
general coordination. An air department would be the 
proper agency for this kind of work and it should be 
within its powers to also create a federal air code and 


, \ HE bill providing for the amalgamation of the 


thus prevent the threatened individual air legislation 
by forty-eight states, which would kill aerial transpor- 
tation in its infancy. 

Still another field of activity where an air depart- 
ment could exert healthy influence would be in the 
licensing, registering and inspecting of aircraft, and 
the licensing of pilots—which again should be a fed- 
eral prerogative. The experience of State automobile 
legislation should be a sufficient warning in this 
respect. 

Finally, not the least important duty of an air de- 
partment should be the creation of a central aeronau- 
tical establishment where aircraft would be tested, both 
statically and in full flight, before being given a license 
to carry passengers, and general research and develop- 
ment work would be conducted with respect to aerody- 
namics and materials of construction. 

It may be seen what an immense field of activity 
awaits a government agency that would have within its 
attributes the centralization, control and development 
of aeronautics in all of its applications. 





Snow Skids 
An important problem which confronts the designer 
of transport airplanes is the provision for a landing 
gear which will permit safe get-away and landing on 
snow-covered fields. 
Since it is impossible to know whether an open or a 


snow-covered field awaits the pilot, the ordinary land 
chassis must remain intact, and moreover, its ordinary 
action must not be impeded by the snow skids. They 
must be high enough about the wheel base not to touch 
the ground in ordinary landing or get-away. 

The action of a skid on landing is in some ways 
analogous to that of a pontoon. In yielding water the 
pontoon has some provision of a V-shaped bottom to 
minimize the first initial shock ; so must the skid. When 
the V has sunk in, the skid must provide a broad bear- 
ing surface so that the pressure is not too great, as 
otherwise immediate stoppage and terrific stresses will 
be set up. The skid must be long enough and shaped in 
such a manner that there is no tendency to tilt over. 

On get-away similar conditions have to be fulfilled. 
Moreover, the skid cannot merely be a flat surface. It 
has to be a box-like structure, with sufficient strength 
to stand stresses, even though it has not to provide the 
buoyancy of a water-borne machine. 

These and other points offer a fruitful problem for 
the designer, and usage in the field will soon indicate 
defects and their remedies. 





Airship Engineering Progress in the United States 


By J. C. Hunsaker, Eng. D. 


Commander, Construction Corps, U. 


Lighter-than-air engineering is a very recent development 
in the United States, and was not really taken up seriously 
until December of 1916, when the possibility of the United 
States becoming involved in submarine warfare began to be 
feared. The Navy Department had always had a mild inter- 
est in airships or dirigibles, and placed a contract in 1915 with 
a firm which had got hold of a German engineer, a German 
mechanic and an Austrian airship pilot. This contract called 
for a training ship of very moderate performance, but it was 
not delivered until two years later, and was so much over- 
weight and otherwise so unreliable that after a few short 
flights was broken up as useless. This experience was dis- 
couraging, as it was hoped from experience with this ship to 
get some idea of where the Navy ought to use airships. 

However, reports began to drift in of the use by the British 
Navy of small airships for anti-submarine work, coast patrol 
and dropping depth bombs. In December, 1916, the Depart- 
ment asked the Bureau of Construction and Repair to design 
an airship for coast patrol and training work. The character- 
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Fig. 1. 


istics were: speed, 45 m.p.h.; endurance, 12 hr., at 35 m.p.h.; 
radio for 150 miles; crew of three; provision for alighting on 
the water. 

At this time, barring the concern with the German talent, 
which had built the first rather unfortunate ship, there was no 
experience in modern airship construction in the country to 
draw on either for design or for knowledge of the special 
materials needed. 

As the United States still preserved diplomatic relations with 
Germany, no detailed information from abroad could be 
secured legitimately. 


Development of B Class 

To meet the problem, a design was started which was later 
designated type B. The only engines available having any 
fair claim to reliability were the 100 b.hp. Curtiss 8-cylinder 
and the 100 b.hp. Hall-Seott 4-cylinder types. Calculations 
based on the speed required from this horsepower available 
and the load to be carried fixed the envelope volume, which was 
to be a minimum consistent with the characteristics demanded. 

Lacking experience, dependence had to be placed on the- 
oretical and experimental investigations. The literature of the 
art was assembled from the Library of Congress and the 


S. Navy 


Smithsonian Institution, and a deliberate attempt made to 
read it all. It looked like a very imposing collection, but 
boiled down there appeared to be little or no practical in- 
formation. The theory of ballooning was very complete, but 
it appeared that the theory of airship design had been de- 
veloped under governmental control in France and Germany, 
and the greater part had been kept confidential. For details 
of construction we had the benefit of an inspection of air- 
ships made in 1913 in France, England and Germany, and a 
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good deal of information had been collected’ in spite of the 


restrictions. However, such information was now four years 
old. 

To determine a form of envelope of low resistance, a series 
of models was run in the bureau’s wind tunnel and the best 
selected. The sizes of fin and control surfaces were also de- 
termined from wind tunnel tests. We had no practical design 
rules to follow, and it appeared that a speed of 45 miles per 
hour for a small airship was so high that difficulties in steering 
might be anticipated. Accordingly, very careful experimental 
and theoretical studies were made to make sure. The results 
on the trials showed that the caleulations gave ample stability, 
and after the pilots had become more experienced it was found 
possible to eut down the vertical fin surface. 

The design of the ear presented no difficulties, as we could 
follow airplane practice, using a standard airplane power 
plant. 

To connect the ear to the envelope or gas bag was a different 
story, however. This is the most delicate part of the design 
and the point where we were most ignorant. The non-rigid 
airship keeps its form against the pressure of the air because 
it is held out full and taut by inner gas pressure. It now was 
necessary to suspend the ear containing all the heavy weights 
from the fabrics of this gas bag in such a manner as not to 
deform the bag or put undue local stresses in any part of it. 
The ecaleulations involved in the design had to be devised from 
general naval architectural principles, but were not very satis- 
faetory on account of the indeterminate nature of the distribu- 
tion of load between the various suspension cables. It was 
desired to use the lightest fabric that could be considered safe, 
but the envelope must remain fair and stiff, with no more than 
one inch of water pressure. 

The loads were arranged in what appeared a reasonable 
manner, and the eurves of bending moment and shearing force 
drawn, considering the envelope as a beam. The calculation 
made was identical with that used in computing the longi- 
tudinal strength of vessels, and need not be deseribed further. 

To verify the caleulated strength of envelope fabrie and the 
internal pressure necessary to preserve fair form under the 
influence of the suspension loads and the forces to be expected 
on fins and rudders, a water model experiment was made. 
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The theory of this test was given by Haas and Dietzius in 
“ Forminderungen der Hiille von Prall Luftschiffe.” It is 
there shown that a one-thirtieth scale model of the airship if 
made of the fabric it is intended to use, and filled with water 
instead of gas, will, if suspended in an inverted position, 
behave statically exactly like the full size ship. That is to 
say, the stresses and deformations of the envelope will be the 
same. Tests were made at different pressures and at different 
trims to make sure that when diving or climbing nothing ab- 
normal would happen. The static balance and control were 
also studied by inflating the ballonets with air under different 
conditions. 

The calculations appeared to be verified nearly enough and 
the design was proceeded with. We had no means of knowing 
what factors of safety to use, in spite of a knowledge of the 
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stresses. A factor of safety is a factor of experience, and we 
had no experience to go on. However, theory was again re- 
sorted to and the worst possible conditions in service investi- 
gated. Based on such study, a factor of 9 under normal con- 
ditions appeared reasonable and was adopted. Curiously 
enough, we learned later that this is the usual French practice. 


The characteristics of the design were as follows: 
DA as 6.6 055 xo a OR obs hd ba LEE RET SO ve eee es 160 ft. 


NE io. 000-005 se nada e Bodine ie place ians wien as 4a 31.5 ft. 
DREN ce Divakg tsa a (a0 bs 'ca.weac oekioahumeadte valet oxta ate 50 ft. 
| kk amen. ee ch Eee OP TTT eT 100 hp. 
er IID, oo, nk oc Cnc ecacabadeWiacccsmet 2 hp. 
SS RELI RIE PP EP Er ee Pe 45 mi. per hr. 

Cs dds Ss 5.6 6s hdd HA nh oem a de oe ; 35 mi. per hr. 
pI reer > re ory See ee 10 hr. 
pS Ferrer pr bo oe Perey ee 16 hr. 
Gasoline ay. Diet bnaos > when bind ae DEERE Cae eeekeD sa 100 gal. 
Ballonet volume. . Ba wel cy Nekdneh epee ee eee ada Sond 19,250 cu. ft. 
INE ig 5. b's, 's ack ok lv kd od aa eet beaeeegha dl 77,000 cu. ft 
Gross lift at .068 Ib. per cu. ft...........0c0 ccc ccc eceeceees 5,275 lb. 
Weight empty. EG eee Pr Se Pee pee 3,256 Ib 

Instruments, 8 Ne SRS ORIG RM: ERT IO ES 100 

I Sho cso sires can sane ckenantin 100 

IN 8S 05s 's. 0:0 £40.65 boa be ad wea ealas be ieee 250 

Lighting set. PES Rr ee te ee ee 15 

ia aah, és Xo'e bins sR Wa Rd Aaetae Rawk aa eEe 320 

Fuel and oil... ee ee rep 633 

RS 5 Seika a 3.00 h <.0.0 > thw eeedS Unek asad Oewbek 290 

tae? aa lichen sbordicn eae nedie hee atk ee 311 
Uneiel Ree. BP saw aah. gk 5 ions edit bdo anisasaewens on 2,019 lb. 


The 1917 Program 


The plans were approved by the Secretary of the Navy Jan. 
27, 1917, but imstead of authorizing the construction of one 
or two units as an experiment to work out the design, he or- 
dered sixteen airships to be produced as rapidly as possible. 
This came as a thunderbolt, and it seemed at first impossible 
of execution. It was impossible to allow six months to build 
an experimental ship, develop the proper gas tight fabric 
needed, correct defects in design and then instruct contractors 
in the manufacture. 


The Chief Constructor, therefore, decided to go ahead with 
the construction regardless of the unproved nature of the de- 
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sign, and on Feb. 6, 1917, sent copies of the plans and specifi- 
cations to five firms which had offered their facilities to the 
department for war work and which he considered to be in a 
position to help. Representatives of these five firms met with 
the Chief Constructor on Feb. 12 to discuss ways and means 
for getting the sixteen ships built quickly. 

The five firms requested to undertake the work were the 
Curtiss Aeroplane & Motor Corp., the Connecticut Aircraft 
Co., and the three great rubber manufacturers—Goodyear, 
Goodrich and U. S. Rubber. The conference resembled a 
patriotic meeting rather than a gathering of prospective gov- 
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ernment contractors; but, in spite of a very great desire to 
help the Navy, it was immediately apparent that no one of 
them was in a position to handle the work. In the first place, 
they were without experience in airship building with the ex- 
ception of the one unsuccessful attempt of the Connecticut 
Aircraft Co. None of the rubber companies had ever made 
fabric of the hydrogen resisting quality and strength required, 
and it would be necessary not only to develop new processes, 
but to put in new machinery and special equipment to manu- 
facture it. Supplies of the special fine cotton cloth needed 
would have to be obtained, and the market for it was in an 
abnormal condition. 


None of the firms represented had any building large enough 
to erect an airship, and, though the Navy was planning to put 
up eight airship sheds at coastal stations, the date of comple- 
tion of such sheds was probably too remote to render them 
available for the first few ships turned out. It was of utmost 
importance that one ship should be rushed to completion in 
order to prove the design before the others were too far ad- 
vanced. 


It was agreed at the conference that the manufacturers 
should form a committee, which committee should arrange that 
each concern would bid for such proportion of the work as 
appeared to be within its capacity, that the raw materials, 
information and experience of all would be pooled both before 
and during manufacture, and that each would bid a flat price 
with a guarantee and bond. The present form of cost-plus 
contract or “ Navy Order” was then unknown, and the bid 
price arrived at was purely an estimate based, to a large extent, 


‘ 


on information from abroad which the Bureau made available 
to the committee. The price agreed upon was about $40,000 
per airship, with a guarantee to produce a practical ship mak- 
ing more than 35 mi.p.hr., and a guarantee to replace any de- 
feetive parts for 3 months. As things worked out, most of 
the contractors lost money, for the work was done as a rush 
job and no expense was spared. 

The Goodyear Co., as the most experienced, having built 
free balloons for a number of years, was in the best position 
to go ahead. R. H. Upson and R. A. D. Preston, aeronautical 
engineers of the Goodyear Co.’s staff, had had several years’ 
experience in designing, making and practical handling of free 
balloons. They could be relied upon to cope with the present 





74 AVIATION 





Fie. 5. Test or a Finger Patcu 

problem. Goodyear agreed to put up at its own expense a 
complete erection and testing establishment consisting of a 
field near Akron, Ohio, with a large capacity hydrogen gen- 
erating plant and an airship shed 200 ft. by 100 ft. by 100 ft., 
together with the barracks for the necessary field organization. 
This decision was reached March 20, 1917; ground was broken 
for the hangar and hydrogen plant April 1, 1917, and the first 
balloon (a free balloon) was inflated in the hangar June 1, 
1917. 

The Goodrich Co., to make up for its lack of experience in 
making airship envelopes, cabled for M. Julliot, the well-known 
engineer of the Lebaudy firm in Paris, whom they had been 
in correspondence with. M. Julliot sailed immediately, and 
later, when the United States had declared war on Germany, 
the department was able to arrange for the release from the 
French army of M. Julliot’s assistants, M. Bourguignon and 
M. Gautier. These men, together with Mme. Bourguignon, 
who was a skilled fabric worker, were of the greatest assistance 
in introducing the practical refinements in manufacture about 
which information was so much needed. 

The United States Rubber Co. decided not to attempt to 
build complete airships, but undertook to supply fabric for 
the Connecticut Aircraft Co. 


First Trials 


The Goodyear Co. completed the first airship in May, 1917, 
before their shed at Akron was completed. The Goodrich Co. 
had in the meantime found an abandoned shed at the “ White 
City,” Chicago; put it in order and arranged for a large sup- 
ply of hydrogen in flasks. In order to get a trial of a type 
ship for the benefit of all contractors, it was arranged to ship 
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the first Goodyear ship to Chicago. The ship was assembled, 
inflated and given a short flight by R. H. Upson, of the Good- 
year Co. He was so favorably impressed with the results that 
on the second time up, the weather being favorable, he con- 
sidered there was less danger in trying to fly home to Akron 
than in attempting a return to the little field at Chicago, which 
was seriously restricted by buildings and telegraph wires. 
Accordingly, he headed for Akron at midnight, and at noon 
of the next day, Decoration Day, 1917, landed im a meadow 
10 mi. from Akron. Had the oil supply held out he could 
have landed on the Goodyear field, but the motor seized at the 
last minute. 

The flight was remarkable in several particulars. In the 
first place, it was one of the longest airship flights on record 
up to that time. In the second place, it was a maiden flight 
of a new airship designed from theoretical and experimental 
data by a designer of no experience and built in two months 
by a firm without previous airship experience. In the third 
place, the flight is astonishing because Mr. Upson was not 
then an airship pilot, and by our present standards could not 
have been expected to handle the ship until he had gone through 
several weeks’ instruction at the hands of an experienced pilot. 
However, he was an experienced balloonist, and as an engineer 
had a thorough appreciation of how the airship was designed 
to funetion. This flight was very encouraging for the produc- 
tion program, as it proved that the design was all right and 
permitted the contractors to go ahead with confidence. 

From then on the ships were delivered with regularity, and 
by the end of the year were operating at the various naval air 
stations. The following table gives the dates of delivery of 
these ships: 

Manufacturer Date No. Manufacturer Date 
Goodyear July 19, B-9 Goodyear Jan. ¢ 
Goodyear Aug. 11, B-8 Goodyear Feb. 2 
Goodrich Sept. 11,’ B-7 Goodyear Feb. 
Goodyear Oct. 22,’ B-6 Goodyear Mar. 
Goodyear Dec. B-10 Goodrich Apr. 
Connecticut Dec. B-16 Connecticut Apr. 


Goodrich Jan. 
Goodyear Jan. 
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May 
June 


B-11 


. Goodrich 
-12 i 


Goodrich 


As the airships came along improvements and changes based 
on experience were incorporated. Suggestions for improve- 
ments in details of design came first from the contractors, and 
later, as more Navy pilots became trained, useful suggestions 
same from the service. The Goodyear Co. proposed many 
refinements in design, which they introduced as a result of 
the experience of their test pilots, Mr. Upson and Mr. Preston. 
The enterprise of that firm in providing a flying field at Akron, 
near their works, placed them in a position to experiment in 
the air. 

Improvements in B Class 

The improvements of most interest were those which led 
to an increase in speed. The first ships had a speed of about 
40 m.p.h. It was found that one of the vertical fins could 
safely be left off, thus cutting down the resistance of one fin 
and its supporting wires. Later the car was suspended closer 
to the envelope, shortening the suspension and saving re- 
sistance. Still later, the suspension itself was simplified and 
knots and loops cleaned up. A somewhat longer and easier 
form of envelope gave greater lift and probably less, or at 
least no more, resistance. The air pipes to the ballonets were 
placed inside the envelope to save resistance. Improved pro- 
pellers were developed also. The air scoop finally became only 
a short sheet metal tube hinged to the envelope proper, which 
could be let down into the slip stream of the propeller or 
pulled up out of the way, greatly decreasing the resistance and 
weight of the ship by eliminating the seoop under the ear, the 
blower and air line to the bag. 

As a result, the speed was progressively raised from 40 mi. 
to 48 mi. with the same engine. The desigaed maximum speed 
was 45 mi.p.h., but the contractors were required to guarantee 
35 only. 

A gratifying feature of the construction was the weight. If 
the ships had run over the designed weight their usefulness 
would have been seriously compromised. Fortunately, all 
ships, including the first of the series, showed a useful lift in 
excess of the designed load. In some eases it appeared that 
the structural weights would run over, but in those cases the 
buoyancy also ran somewhat in excess of the designed figures, 
leaving a good margin for the useful load. 

The ships in service have more than fulfilled all expecta- 
tions. Designed to eruise for 16 hr., a record on patrol of 40 
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hr. has been made with one of them at Key West. Aside from 
the short life of the fabric on some of the first ships, which 
was replaced, the ships have stood up well, and seven are still 
in use. One Goodrich ship was in continuous service with its 
original envelope for fifteen months. Another ship made by 
Goodyear kept one inflation of gas for nine months, and dur- 
ing this time was in the air 743 hr. 

The Navy’s first attempt to design, build and operate air- 


ships has been fraught with difficulties, but has been on the 
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whole very successful. This is to some extent due to the mod- 
est size selected for the first attempt, but mainly to the energy 
and enthusiasm of the people concerned, both in and out of 
the service. The B class airships, as these sixteen were called, 
were used at home for training and coast patrol. In France 
our air forces operated French ships, and in England English 
ships. But though the B ships had no direct war service, they 
contributed their mite by training our pilots so that they could 
go abroad and take over immediately the operation of the for- 
eign types. About 170 pilots were so trained in the United 
States on B ships before the armistice. In addition, B ships 
were used on coast patrol and flew over 13,600 hr., or about 
400,000 mi. 

The B class airships are in no way an improvement over 
contemporary English airships of the same type, and are in 
some respects less handy and simple, though of greater carry- 
ing capacity and endurance. The only noteworthy features are 
the conditions of their design, manufacture and initial opera- 
tion. The ships were put into production from plans without 
waiting for the perfection of an experimental ship. 

From the beginning the manufacture of a rubberized fabric 
for the envelope was recognized as the principal technical diffi- 
culty. The rubber companies had considerable experience in 
proofing fabric, but had never attempted anything to meet 
the rigid requirements now in effect. The specifications called 
for a life of six months in service, with high strength value 
and a low hydrogen permeability. The French specifications 
were copied exactly as to fabric. It was soon found that if 
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over-cured the permeability was good but the life short, and 
vice versa. The quality of the fine cotton cloth used made 
trouble, and there were other difficulties which at the time 
seemed very serious but are now forgotten. 

All contractors succeeded in doing what they had under- 
taken; to produce fabric in accordance with the specifications. 
The first few envelopes from one contractor perished quickly, 
but were promptly replaced with fabric coated with a different 
compound developed from this experience. Since then progress 
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has been continuous, as more information has been obtained 
from our own experience and research and from abroad. 


Balloon Fabrics 


Fabrics for balloons and airships usually consist of cotton 
cloth coated with rubber. The requirements are high strength, 
light weight, low diffusion, water resistance and durability. 
The latter is the most important desideratum, and from ex- 
tended observations it would appear that the life of rubberized 
fabric varies inversely with the intensity and time of exposure 
to sunlight. Attempts to devise an accelerated test, using 
artifiicial ultra violet light, have led to the conclusion that, 
while such light causes deterioration, the greatest rate of de- 
terioration occurs on exposure to direct sunlight accompanied 
by high humidity and temperature. The Bureau arranged at 
the beginning of this work to have the Bureau of Standards 
put in testing facilities. At first, the Bureau of Standards 
was used as a check on the fabric-testing apparatus at con- 
tractors’ works, but very soon the chemists of the Bureau of 
Standards began to contribute valuable suggestions for im- 
provement, and at the present time are conducting research 
to develop better material. 

A study of British and other foreign practice in fabric 
manufacture, combined with the results of extended exposure 
tests carried out under various climatic conditions with fabric 
made experimentally in this country for the ‘purpose, has now 
led to the adoption of what is believed to be a marked improve- 
ment in rubberized fabric. 
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The cloth is very carefully inspected after manufacture, 
both before and after such treatments as desizing and washing. 
All slubs and imperfect spots are marked so that they may be 
cut out before rubberizing. In the rubber factories the cloth 
is first passed through spreading machines, where thin coats 
of dough (rubber cut with absorbed naphtha and similar vola- 
tiles) are applied. Carefully selected pure up-river Para gum 
is used for this purpose, and there is added only a very minor 
percentage of sulphur and litharge without the usual organic 
cure accelerators previously used. This thin rubber solution 
fills up the interstices of the weave. Much heavier rubber 
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of the thin character of the solution required for successful 
printing. 

The inner or gas side of the fabric is coated with from one- 
half to one ounce of pure rubber, which helps to keep the 
cloth fungus and moisture-proof, reduces diffusion, and makes 
a good sticking coat for successful taping. 

The exterior and interior seam tape is made fairly wide 
(2 in. or 3 in.), and contains a substantial amount of proofing. 
The exterior tape has an aluminum facing. Both tapes are 
now cut on the bias so that stretch may occur. 

The seams in the envelopes of non-rigid airships constructed 
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dough is then applied on the spreading machines as the process 
proceeds. Aftey twenty to twenty-five coats are spread and 
dried, a continuous, gas-tight film is produced. 

The gas-tightness depends, however, upon such factors as 
the thickness of the rubber proofing and the count of the cloth; 
high count cloth and heavy proofing, giving the minimum dif- 
fusion. For instance, with 2-ply BB cloth having a gas film 
of from 3% to 4 oz., there is obtained very low diffusion. 
Added weights of proofing applied to higher count cloth would 
probably produce but slightly better results than are obtained 
with the above construction. Two plies of the treated cloth are 
stuck together by means of roll-ply machines. The fabric is 
then wound on drums, wrapped and steam-cured at carefully 
controlled temperatures and pressures. 

Over-vuleanization results in a fabrie that ages rapidly, 
becoming brittle and stiff upon exposure. Examination of 
such fabries upon exposure invariably shows high diffusion 
and rapid rise in acetone extract (indicating great oxidation). 
An acrid smell is always observed, and the rubber between the 
plies is hard and shows a lack of its original adhesive prop- 
erties. Under-vuleanization is therefore the lesser evil, since 
exposure to the air and sun causes a certain degree of auto- 
vuleanization. 

Yellow and red organic dyestuffs soluble in naphtha are 
often added to the proofing gum. These dyestuffs become thor- 
oughly incorporated throughout the rubber solution and act as 
light. sereens in preventing the admission of. sunlight to the 
rubber proofing. Yellow Cadmium Sulphide pigment is also 
used for this purpose. 

The exterior surface of the fabric is coated with pure gum 
rubber dough containing usually a substantial proportion of 
litharge, which has been found to act as a sereen or filter in 
preventing the admission of light rays to the rubber proofing. 
To the same exterior dough coating a quantity of finely divided 
aluminum powder is added,.and then spread as the outer fac- 
ing. The principle of this is to provide a continuous, light- 
reflecting coat. Fabrics made with such a coating have proved 
to be efficient in this respect, remaining usually 20 to 30 deg. 
Fahr. lower in temperature than similar fabrics without the 
aluminum facing. This aluminum coat is usually applied 
either with a spreader or a calico printing roll. In the latter 
ease a larger number of coats are usually necessary on account 
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abroad are cemented with a pure gum cement consisting of 
solvent and fine para-rubber only. A cement of this char- 
acter is entirely satisfactory where the temperatures to which 
the envelope is exposed rarely reach 95 deg.; but it was found 
that with the high temperatures prevailing in the United States 
during the summer this cement could not be depended on. 
General softening occurred, and the strength of the seam was 
reduced to the strength of the sewing, which is far below the 
strength of the fabrics used in making the balloon. One con- 
tractor, to overcome this difficulty, introduced a certain amount 
of resin into the cement which acted as a hardening agent. 
Even this was apparently insufficient, for when heated in an 
oven to a temperature of above 100 deg. Fahr., the seams 
made with this cement showed a tendency to slip on account 
of the softening of the cement. Another contractor who had 
accepted the European practice of using a strictly pure gum 
cement encountered great difficulties with the earlier envelopes 
on account of softening of the cement. He investigated this 
problem very thoroughly, and finally developed a method of 
applying the pure gum cement with a semi-curing solution, 
with the result that the seams apparently hold up to tempera- 
tures of 130 deg. Fahr. without softening. .This. practice is 
considered to be an important improvement. 
(To be concluded) 


Giant British Airship 


The British Government has begun the construction of the 
largest airship that has yet been undertaken in any part of 
the world, one that will carry an equipment of six airplanes 
for its own protection against the heavier-than-air craft, ac- 
cording to recent reports. 

This airship and the two hangars to be built for it will 
eost $9,000,000. It will have a capacity of 10,000,000 cu. ft., 
will be 1100 ft. long, 137 ft. in diameter, and capable of lifting 
100 tons, which would be about five times the lifting capacity 
of the R-34, which has just made a round-trip voyage across 
the Atlantic. The cruising radius of the new airship, which 
will be finished in from eighteen to twenty months, is given as 
16,000 miles. 










































The study of the forces acting on the different parts of an 
airplane during its flight is generally carried out in an ex- 
perimental way on reduced size models of the parts to be 
investigated. This may be accomplished either by keeping the 
body stationary in a current of air which is moving at a velocity 
equal to that of the airplane in flight, or by moving the body, 
at this same velocity, through calm atmosphere. 

It is evident that the first method is the more convenient of 
the two, and aerodynamic tunnels are built on this principle. 
A eurrent of air of a desired velocity is produced by means of 
a fan, and this current is directed into a tunnel in which the 
parts to be experimented upon are conveniently supported by 
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a suitable arrangement of levers and spring balances which 
measure the forces and the moments created by the air current 
striking the body. 

It stands to reason that the guiding principle to be followed 
in designing an aerodynamic tunnel, is to obtain the desired air 
velocity with a minimum amount of power in a tunnel which is 
large enough to contain the parts under investigation. 

Captain G. Costanzi and Colonel G. A. Croceo of the Italian 
Army, ¢arried out a series of experiments on several models of 
various shaped tunnels, in order to determine the best design 
to adopt for a tunnel to be built in the Instituto Centrale Aero- 
nautico in Rome. The conclusions reached by Captain Costanzi 
and Colonel Crocco, will be briefly presented in the present 
article. 

Captain Costanzi experimented upon Venturi tubes of 
various shapes, and compared the power required at different 
air velocities in a given section of the tubes for obtaining a 
current of air through the tubes. He arrived at the following 
conclusions : 

1. A minimum of power is required, when the experimental 
chamber, where the velocity of the air is measured (cylindrical 
section 0.36 m. in diameter, 0.24 m. in length), is connected at 
the air inlet to a truneated cone having an angle of 30 deg., and 
at the other end is connected to a truncated cone having an 
angle of 7 deg. (Fig. 1). Better results are obtained if the 
experiments are made in the open air rather than in a room. 

2. The power required is still further reduced if the truncated 
cone at an angle of 7 deg. is extended beyond the fan, as shown 
in Fig. 2, all other dimensions of the tube being the same as in 
Fig. 1. By using this arrangement the velocity of the air at 
the outlet of the tube is less than before, consequently the loss 
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of energy is less. It was also noted that in this case better 
results could be obtained by conducting the experiments in the 
open air and not in a closed room, therefore all the other ex- 
periments were also made in the open. 

3. A third series of experiments was made with three tubes 
of the diameters shown in Figs. 3, 4, and 5. The angles of the 
cones of these tubes were the same as in case 1 (7 deg. and 
30 deg. respectively). Figs. 4 and 5 show an arrangement by 
which the two cones, instead of being connected to a cylindrical 
chamber of the same diameter as the small end of the cones (as 
in Fig. 3) are connected to a larger cylindrical chamber. In 
Fig. 4 the distance between the two cones is only 0.10 m., and 
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in Fig. 5 this distance is about 0.60 m. All the other dimensions 
are the same as in Fig. 3. 

The results of the tests proved that the power required for 
producing a current of air at the same velocity in the cylindri- 
cal section was least in the tube shown in Fig. 3, was greater 
in the tube shown in Fig. 4, and still greater in the one shown 
in Fig. 5. The results of these tests are indicated in Fig. 6. 
The curves a, b, d, e, g give results obtained from experiments 
made on tubes shown in Figs. 1, 2, 3, 4 and 5, respectively. 

The experiments made by Captain Costanzi evidently gave 
rise to some well-defined principles regarding the best design 
of a tunnel. At the same time they all proved the advantage 
of conducting the experiments in the open air, or at least in 
a very large room. In order to avoid this inconvenience, 
Colonel Crocco conceived the idea of a closed type of tunnel 
with a continuous circulation of air. Besides avoiding the dis- 
advantage of a large room as required for obtaining the best 
efficiency with Captain Costanzi’s type of tunnel, the closed 
type utilizes the energy possessed by the air at its outlet (which 
is obviously lost when the discharge takes place in the open 
air), and, furthermore, allows a possible control of the tem- 
perature and humidity of the air circulated in the tube. 

With a view of obtaining the best design of such a tunnel, 
the following experiments were made: p 

Tunnel with Two Return Circuits of Air 

In the models experimented upon by Colonel Crocco, the 

central portion of the air circuit was designed according to 
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the indications resulting from experiments made by Captain 
Costanzi. As in the previous experiments, the influence of 
the length and the discontinuity of the observation chamber 
(cylindrical portion of the central air duct), the influence of 
extending or not extending the conical section beyond the 
propeller, and the influence of the section given to the air 
ducts for the return of the air to the inlet (square or cireular 
section), were thoroughly investigated. In all cases the angles 
of the two cones were 7 deg. and 30 deg., respectively, at the 
entrance and at the outlet of the observation chamber. 

Fig. 7 gives the chief dimensions of the central duct where 
the fan for sucking the air is mounted at the end of the 7 deg. 
cone. The cylindrical chamber, having the dimensions shown, 
is connected directly to the air duets for the return of the air. 
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These ducts are rectangular in section as far as the extrem- 
ities of the cones. 

Fig. 8 is similar to Fig. 7, except that the cylindrical section 
of the central duct is longer, and the return ducts, being square 
in section, gradually assume a circular section like that of 
the cones. 

Fig. 9 is similar to Fig. 8, except that the lengih of the 
cylindrical section is the same as in Fig. 7. 

Fig. 10 gives the chief dimensions of the central duct where 
the two cones at the ends are connected to two tubes of the 
lengths shown. These tubes gradually change from a circular 
section at their junction with the cones to a rectangular section 
at their junction with the air duets for the return of the air, 
these latter being rectangular in section. 

Fig. 11 is similar to Fig. 10, except that the cylindrical 
section of the main duct is continued into a larger concentric 
cylinder, closed at the ends, of the length shown and having 
an airtight door on the curved surface. The inner cylindrical 
tube is interrupted at the center for a length of 0.10 m., thus 
allowing a communication with the inside of the outer cylinder. 
When the door of the larger cylinder is open, the inside tube 
is in communication with the outer air, and when the door is 
closed the inside tube is in communication with the inside of 
the larger cylinder only. Curve e, shown in Fig. 13, indicates 
the conditions that exist when the door is closed; curve f indi- 
cates existing conditions with the door open. 

Fig. 12 is similar to Fig. 11, except that the smaller tube 
concentric to the larger cylinder was removed, leaving only 
a short conical ring at the smaller end of the truncated cone. 
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The experiment was made with the door of the eylindrical 
chamber closed. 

The experimental results of these are indicated in Fig. 13, 
where curves a, b, c, d correspond to the conditions shown in 
Figs. 7, 8, 9 and 10, respectively; curves e and f correspond 
to the conditions shown in Fig. 11 (door closed and door 
open) and curve g corresponds to the conditions shown in 

ig. 12. 


Conclusions 


(1) A discontinuity over the length of the cylindrical tube, 
as shown in Fig. 11, gives rise to an increase of power re- 
quired from the fan as compared with that required for the 
tunnel shown in Fig. 10; the power needed is even greater if 























Fig.10 (Curve a) 


























Fig.11 (Curve e,f) 
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Fig.12 (Curve g) 





the door to the outside cylinder is left open. The power de- 
mand inereases still further if the smaller inside tube is left 
out altogether. 

2) The form of the section of the air ducts for the return 
of the air has also a slight influence on the power demand, 
being a little less if the section is circular instead of ree- 
tangular. : 

From the analysis of all these experiments, the type of 
tunnel which was finally adopted for the Instituto Centrale 
Aeronautico in Rome was the one shown in Fig. 10. 

The advantages which might have been obtained by making 
the duets for the return of the air of a conical section instead 
of rectangular were so slight that they were not considered, 
for constructive reasons. 

The arrangement shown in Fig. 12 would have been a very 
convenient one, presenting all the advantages of a good sized 
room for containing the models or parts to be experimented 
upon. However, it was not adopted because it proved to be 
the least effective arrangement for carrying out experiments 
if the room was not airtight (see curves e and f). Considering 
the depression of the atmosphere in the room at a high wind 
speed, such a type of construction would have required a par- 
ticularly strong and airtight structure, and would not have 
been so efficient, from a mechanical point of view, as the ar- 
rangement shown in Fig. 10 (see curve d), which was finally 
adopted for meeting all these requirements. 

The data relative to a full size tunnel having a given diam- 
eter in the observation chamber (represented by D), as com- 
pared to the corresponding diameter of the model experi- 
mented upon (represented by d), can be caleulated according 
to the following formulas: 

V, = wind speed in observation chamber of model tunnel. 


1 


V = wind speed in observation chamber of full size tunnel. 
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N,=r.p.m. of fan used for model tunnel for wind speed 


= V.. 
N = r.p.m. of fan used for full size tunnel for wind speed 
= V. 
HP, = horsepower required for model tunnel for a wind 
speed V,. 
HP = horsepower required for full size tunnel for a wind 
speed V. 
“< 
a 
V=V,X Va 
N=N,X 


HP = HP, X#X V2 
The chief dimensions adopted for the Aerodynamic Tunnel 
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built in the Instituto Centrale Aeronautico, Rome, after the 
experiments described above, are given in Fig. 14. 

The air is admitted through the square section a, which is 
joined to the base c of the truneated cone, by means of b. The 
air is admitted through d to the experimental chamber f. This 
latter is connected at g to the truncated cone h near the end of 
which the fan is installed. The conduits for the return of the 
air are rectangular in section and are joined to the entrance a 
and to the outlet i of the main tunnel. 

The fan used is a propeller with seventeen wooden blades. 
This was adopted after careful experiments had been made 
on several small size models, in order to determine the most 
effective design. The efficiency of the fan used is 0.75. It 
is driven by an A. C. 210 hp., 220-volt, three-phase motor 
making 640 r.p.m. The eurrent for the motor is supplied by 
a D. C. generator, 145 kw., 10/500 volts, 640 r.p.m. 

The power required for corresponding velocities of the air 
in the experimental chamber is given in the following table. 


P P 
In the right-hand column the ratio e¢ + 
m 


» where P» = thrust 


required on the fan shaft and P, = thrust of the air in the 


experimental chamber. 
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Pu 
Velocity of the air R.p.m. of Horsepower er=— 
in meters per sec. the fan required Pm 
10 90 ie 
20 186 7 3 
30 285 27 2.62 
40 372 60 2.8 
50 | 458 113 2.9 














The air collector (b and d) is made of wood, and the angle 
of the cone is 30 deg. 

The experimental chamber f is made in two sections; one 
section adjacent to the collector (2 m. dia, by 1 m. long) made 















































Fig. 14 


of wood, the other section (2 m. dia. by 2 m. long) made of 
sheet-iron, with doors on the sides for the admission of models 
and parts to be experimented upon. These two sections are 
separated by a cellular diaphram made of thin sheet metal, 
which compels the air to pass through a large number of cells 
5 em. square by 20 em. long, having their axes parallel to the 
axis of the tunnel. This is done in order to obtain a parallel 
flow of the air currents reaching the experimental chamber. 


The diffuser has the form of a truncated cone of 7 deg. It 
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is made up of canvas, which is painted to render it impervious 


to the air, and it is held in place by means of a convenient iron 
structure. 


The two ducts for the return of the air are made of cement 
and are rectangular in section, 1.75 m. by 3.50 m. 

Both the collector and the. experimental chamber are located 
in a room having airtight doors communicating with the out- 
side. The room is lighted by a skylight, and it is here that the 
instruments and balances are located. 

The advantages offered by Crocco’s type of tunnel with a 
closed circuit for the circulation of the air are due chiefly (as 
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already pointed out) to the elimination of the influence of 
the surrvurnding walls of the room in which the tunnel is in- 
stalled, unless a very large room is used for this purpose, as 
would be the case with an airship hangar. In this case the air 
in the room would be practically still and the influence of the 
walls would be negligible, on account of their comparatively 
great distance from the entrance and the outlet of the tunnel. 
This eliminates the losses of power resulting from the impact 
of the air against the walls of the room in which the tunnel is 
installed, these losses increasing in magnitude as the dimen- 
sions of the room decrease. 


Tunnel with One Duct Only for the Return of the Air 


Tunnels having only one duct for the return of the air to 
the chamber where the experiments are made have given very 
poor results. 

In the Aerodynamic Institute at Gottingen, in 1909, there 
was a tunnel having a cross section of 2 sq. m., the axis of 
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the tunnel forming a rectangle, in which the maximum wind 
speed obtained was 10 m. per see. At first this tunnel led to 
some very poor measurements of the air velocity at different 
points of the tunnel cross section. a 

Professor Prandtl experienced all kinds of difficulties in 
attempting to equalize the air velocity at different points of 
the tunnel cross section, for the maximum velocity only, of the 
air. The equalization was obtained by screwing the air more or 
less at several points of the cross section. Fig. 15 gives a 
diagram of the air velocity at different points of the cross 
section where the experiments were made before and after 
correction, and for a wind velocity of only 10 m. per see. 

In 1907, Colonel Crocco built a tunnel at the Laboratory 
Brigata Specialisti which had a cross section of 2 sq. m. and 
a length of 22 m. (see Fig. 16). This tunnel presented the 
same difficulties as the one at Gottingen, and had to be aban- 























14 | 


Fig. 16 


August 15, 1919 


doned after a few years of unsuccessful attempts to make 
it work properly. 

In all cases, when one single duct is used instead of two for 
the return of the air to the tunnel, the lack of symmetry in 
the air current, under the influence of the centrifugal force of 
the air and the walls of the tunnel, gives rise to the formation 
of air filaments which follow a sinuous path in the air current, 
as shown in Fig. 17. The position of the restricted vein AB, 
where the air has a maximum velocity, varies according to the 
speed of the fan. 























Fig. 17 Fig. 18 


When, instead of one duct, two symmetrical ducts are used 
for the return of the air, the prevailing conditions of the air 
flow are like those shown in Fig. 18, and an almost perfect 
equalization of the air velocity is obtained at every point of 
the cross section of the tunnel. 

These two points have been verified by Colonel Croceo, with 
experiments made in the old tunnel at the Laboratory of the 
Brigata Specialisti, and in the new tunnel at the Instituto 
Centrale Aeronautico in Rome, Itaiy. 


New York-Toronto Airplane Race 


An international airplane race and handicap contest will 
be run on Aug. 25 by the American Flying Club and the Aero 
Club of Canada under the rules and regulations promulgated 
by the American Flying Club, with pilots and airplanes 
licensed by the U. S. Joint Army and Navy Board of Aero- 
nautie Cognizance. The contestants are to start simultane- 
ously from New York and Toronto over a round trip eireuit 
with compulsory control and inspection stops both ways at 
designated flying fields located in Albany, Syracuse and Buf- 
falo, N. Y. The total distance to be covered is approximately 
1,040 miles, with distances between control aerodromes as 
follows: New York-Albany, 149 miles; Albany-Syracuse, 141 
miles; Syracuse-Buffalo, 146 miles; Buffalo-Toronto, 85 miles. 

The object of the contest is to promote the science and sport 
of aviation in a manner reflecting its safety, permanence and 
reliability, and is open to all approved types of airplanes 
excepting seaplanes of either float or boat type. Contestants 
will compete for a cash prize of $10,000, offered by John McE. 
Bowman, president of the Hotel Commodore, which is divided 
into nine handicap prizes totalling $7,500 and into three speed 
prizes totalling $2,500. In addition there are also offered for 
competition by entrants, while competing for the Hotel Com- 
modore prizes, the Canadian Exhibition Trophy, the Aero 
Club of Canada Trophy and the American Flying Trophy. 

Competition for prizes will be open to members of the 
American Flying Club and affiliated clubs, and the Aero Club 
of Canada who hold aviator and hydro-airplane licenses issued 
by the U. S. Joint Army and Navy Board of Aeronautic 


Cognizance, and pilot’s certificates issued by the Aero Club of 
Canada. The entry fee is $50 per airplane; entries will be 
received up to midnight of Aug. 23, 1919. Entry forms and a 
set of rules and regulations governing the contest may be had 
upon application at the American Flying Club, 11 East 38th 
Street, New York. 

The award of the handicap prizes will be determined by 
the following formula, expressing efficiency and reliability in 
airplane performance: 

Flight Load 
Horsepower 

The index factor will be caleulated from the apparent best 
performance among the entries, and each other machine will 
be handicapped therefrom in order to render each airplane’s 
equation initially equal. The winners of the handicap prizes 
will be the entrants who show in order of merit the nine most 
creditable performances under the given rules and regulations. 

The Hotel Commodore speed prizes and the three trophies 
will be awarded in order of merit to the contestants making 
the round trip cireuit in the shortest total flying time. The 
Canadian National Exhibition Trophy will be awarded upon 
the basis of the shortest flying time made by any contestant 
over the round trip course; the Aero Club of Canada and 
American Flying Club trophies will be awarded to the Ameri- 
ean and Canadian entries, respectively, making the best time 
either way between Mitchell Field, L. I., and Leaside, Toronto, 
Ont. 


Distance of Prescribed Course 


— Index Factor 
Actual Time 
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Section 7. Climb and Speed-at-Altitude Tests 


Climb and Speed-at-Altitude Tests 


After the air speed indicator has been calibrated the climb- 
ing and speed-at-altitude tests may be conducted. 

Try-out climbs.—While it is easily possible for almost any 
pilot to obtain the maximum speed of the airplane at any 
given altitude, it is a matter of considerable skill to get the 
best possible climb out of a machine. At ground level, if 
curves of horsepower required and horsepower available are 
drawn, it will be found that there is some one speed at which 
the excess horsepower is a maximum. This is, of course, the 
best climbing speed at ground level. It is found in practice, 
although not strictly true theoretically, that if the air speed 
meter reading is maintained equal to that which gives the best 
climb at ground level, the best rate of climb will be maitained. 
A few preliminary try-out climbs are recommended to de- 
termine this air speed reading. 

Instruments required.—The instruments required in the two 
cockpits for the climb and speed-at-altitude tests are as fol- 
lows: 

Pilot’s cockpit: 

(a) Revolution counter. 

(b) Altimeter. This should be set to correspond with bar- 
ometric pressure on the ground, and not to zero. 

(¢) Radiator thermometer, so that heating of the motor may 
be observed. 

(d) Direct reading air speed indicator. This is not required 
to take observations but to enable the pilot to check his climb- 
ing speeds. 

(e) If possible, a maximum climb indicator. 

Observer’s cockpit: 

(a) Direct reading of recording tachometer. 

(b) Direct reading or recording altimeter. This should be 
set to correspond with barometric pressure on the ground, and 
not to zero. 

(ec) Direct reading or recording air speed indicator. 

(d) Direct reading or recording strut thermometer. 

(e) Stop watch. 

Some thought should be given to the selection of the baro- 
graph. The seale of this instrument should be appropriate to 
the climb undertaken and the time scale also should be suf- 


ficiently extended. The strut thermometer should be placed 
in a position where it will not be affected by the exhaust gases, 
and if not connected to the instrument board it should be 
sufficiently large so that it can easily be read from the pilot’s 
or observer’s seats. 

Procedure in Climb and Speed-at-Altitude Tests —A well- 
defined procedure should be followed in making these tests. 


Where recording type instruments are used, the only difficulty. 


to be anticipated is in the synchronization of the instruments 
deseribed in the foregoing paragraph. - 

Where direct reading instruments are used the observer has 
a rather difficult task. At every 1000 ft. as shown by the 
aneroid, he must mark on his pad or report: the time since the 
start, the strut temperature, the air speed reading and the 
r.p.m. of the engine. When the pilot has reached the ceiling, 
which he determines by the rate of climb becoming so small as 
to be imperceptible, he gives the plane a straight flight at full 
throttle, then dives to a lower altitude and at this altitude 
executes a straight flight at maximum speed. During this 
straight flight the observer again marks down the air speed, 
the engine speed and the strut temperature. The flights at 
altitudes are repeated at various levels. It is very important 
in this work that the straight flights be of sufficient duration 
to enable correct readings to be taken. 


Typical Climb and Speed Tests 


Climb.—In order clearly to illustrate the methods followed, 
a typical test run will be followed through very carefully. This 
test was run with a plane fitted with a Liberty-12 engine and 
direet-drive propeller. The observer’s report for this test is 
given in table I. The reduction of the results is based on the 
method described by Capt. H. T. Tizard in The Aeronautical 
Journal, and is related to the standard density at altitudes 
employed by the British. 

The ealeulation of results requires some care. These calcula- 
tions are summarized in table II. In columns 1, 2, 4, 9 and 10 
are tabulated the observations made on the test, after making 
corrections for instrumental errors from calibration curves, 
such as the calibration curve for the air speed meter. In 
column 3 are tabulated the pressures corresponding to altimeter 
readings. 


TABLE I 
OBSERVER’S REPORT 


Date: May | por - 
Airplane: DeH.-4—P—31. 
Temperature on ground 55 deg. Fahr. 


Pressure on ground 29.3 in. mercury 

















Climbing Test Speed at altitude 
Altitude — r : rr a R.P.M — : 
. emperature ir spee " emperature 
Time Der, Com. aks Speed R.P.M. Den Cent. 
1,000 0:55 20 55 1,550 
2,000 1:50 19 58 1,550 120 1,780 22 
3,000 2:45 17 58 1,540 
4,000 3:55 12 55 1,540 
5,000 4:55 12 58 1,540 112 1,750 15 
6,000 6:00 10 55 1,530 
7,000 7:30 7 55 1,530 
8,000 8:45 5 60 1,530 105 1,700 10 
9,000 10:05 4 60 1,520 
10,000 11:35 3 60 1,520 105 1,700 8 
11,000 12:10 3 58 1,510 
12,000 15:05 2 55 1,500 100 1,690 
13,000 17:35 2 58 1,500 
14,000 19:50 1 55 1,490 90 1,650 5 
15,000 23:00 —l 55 1,490 
16,000 29:00 —2 50 1,460 85 1,600 0 
17,000 36:50 —s5 55 1,460 
18,000 46:30 —S§ 55 1,470 80 1,570 ~ Hh 
19,000 52:00 —4 58 1,460 
20,000 59:00 55 1,460 70 1,510 —9 
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TABLE II 


Repuction or Data—CumeBine Test 
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In column 5 is tabulated the ratio of density to standard air 
at 16 deg. Cent. and 760 mm. of mercury. In column 6 are 
given the standard heights corresponding to these ratios of 
density. To obtain the aneroid rate of climb given in column 
7 an auxiliary curve is required. In Fig. 1 the observed climbs 
are plotted without corrections against the time of climb. Then 
at any altitude the aneroid rate of climb is obtained from the 
slope of the tangent to the curve, as is quite evident from this 
figure. 

Column 8 gives the aneroid rate of climb corrected for 
temperature. This correction is obtained by the formula 


_ 273 + 0 
273 + 10 


H xh 
where @ is the temperature in deg. Cent. at the poimt under 
consideration. 

The corrected rates of climb are now plotted against the 
standard heights given in column 6, as shown in Fig. 1. These 
points should he almost, if not quite, in a straight line. 
Through the points a smooth curve is plotted, and from this 
eurve the rates of climb corresponding to the even thousands 
of feet in thousands of feet in standard air can be read. 
Knowing the rate of climb for each 1000 ft., the time of climb 
to any required height can be computed. 

For example, to compute the time of climb to 1,000 ft. the 
average rate of climb is 


Or » 
er 1275 _ 1305 ft. per min. 


The time is therefore 


60 X 1000 
1305 


= 46 see. 


TIME OF CLIMG 


CorRECTED Rates or Cuimsp PLorrep AGAINST 
STANDARD HEIGHTS 


Fig. 1. 


To 2000 ft. the average rate of climb is 
1275 + 1215 


9 


= 1254 ft. per min. 


The time is therefore 
60 X 1000 
~ 1245 
To 3000 ft. the average rate of climb is 
1215 + 1155 
D 


+ 46 = 1 min. 34 see. 


= 1185 ft. per min. 


The time is therefore 
60 «K 1000 
1185 

The results of these computations are plotted in Fig. 2. In 
table III are given the r.p.m. values against standard heights. 

It should be noted that the quickest way of obtaining the 
theoretical ceiling is to produce the rate of climb against 
standard altitudes until the curve intersects the ordinate at 
the origin. This intersection determines the altitude. Generally 
the decrease in the rate of climb is proportional to altitude, and 
the curve can be represented by a straight line. In drawing 
this curve it has been suggested that more weight should be 
given to the points above 5000 ft. than below, since above this 
height the performance is more regular. 

Service ceiling.—This is determined by the pilot at the point 
where the rate of climb is less than 100 ft. per min. 

Speeds at altitudes —After the pilot has climbed to the 
service ceiling of the machine and begins the descent, he levels 
off at different altitudes, as previously explained, and flies level 
for a full minute at each altitude. It is necessary to fly level 


+ 1:34 = 2 min. 24 see. 


TIME OF CLIMB IN MINUTES 


CURVE OF TIME AND Rate or CLims TO EacH 
1000 Fr. 


Fig. 2. 
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TABLE III 


RESULTS OF CLIMBING TEST REDUCED TO STANDARD AIR 
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by multiplying it by the inverse square root of the ratio of 
density to standard air, as shown in Figs. 1 and 2. 
In column 8 is recorded the speed of the engine at each 











a jd meee altitude, after correcting in accordance with the calibration of 
—_ - i ime Rate of clim! R.P.M. the tachometer. 
oo nae = a Example.—Take the computations for the speed at 2000 ft. 
2°000 1:34 ait 1D The pressure corresponding to the aneroid height of 2000 ft. is 
3,000 2:24 1,155 1,550 found on reference to be 28.83 in. mereury. With this pres- 
5/000 4:14 0 1'340 sure and a temperature of 25 deg. Cent. the ratio of density to 
,000 5:15 1,530 standard density is found to be equal to 0.935. This relative 
,000 6:23 830 1,525 . . . 
8'000 7:39 750 1'520 density gives a height of 2900 ft. on the eurve of standard 
9,000 9:01 710 1,515 i : i fore i 
BY Ro jt 1 als heights. The corrected air speed therefore is 
11,000 11:59 635 1,505 123 
14°00 1737 450 1'490 T0535 = 127 mph 
d : ; = m.p.h. 
ae 35 aa 183 eR 
17,000 27:48 155 1:475 The corrected air speeds and engine revolutions are plotted 
yoo 7 = eos on cross-section paper against standard altitudes. Through the 
; : ; plotted points smooth curves are drawn, and from these curves 
. the air speed and engine r.p.m. corresponding to the 1000 ft. 
TABLE IV 
REDUCTION OF OBSERVED Data—Spreep Test 
Corresponding | Corresponding Air Corresponding 
Observed pressure in in. Strut Relative standard Speed Indicator air R.P.M 
altitudes of mercury temperature density height Reading speed 
deg. Cent. | ; 
2,000 28.82 25 | 935 | 2,900 123 127.0 1,780 
5,000 24.90 18 825 6,700 115 126.5 1,750 
8,000 22.31 13 754 9,500 108 124.2 1,700 
10,000 20.73 11 a 11,600 108 128.8 1,700 
12,000 19.27 11 652 14,000 103 127.5 1,690 
14,000 17.91 8 614 15,800 93 118.8 1,650 
16,000 16.65 3 | 583 17,800 88 115.0 1,600 
18,000 15.47 oe 553 300 83 110.4 1,570 
20,000 14.37 6 | .515 20,800 73 101.8 1,510 























for at least this length of time in order to permit conditions 
to balance themselves and a steady speed to be attained. When 
the pilot flattens out and makes his level flights the observer 
notes the altitude, air speed, strut temperature and engine 
speed as shown in Table I. These observations are later 
reduced, using the form shown in table IV. : 

Column 1 (table IV) contains the altitudes as read from the 
altimeter. In column 2 is given the pressure in inches of 
mereury corresponding to the observed height. This is read 
from the altimeter calibration curve. The observed tempera- 
tures are recorded in column 3, after calibration correction has 
been applied. In column 4 the proportion of standard density 
is given. 

The altitude in standard air corresponding to, density is filled 
in in column 5. The observed air speed indicator reading, after 
being corrected for errors determined by calibration, is given 
in column 6. In column 7 the air speed is corrected for density. 
As the air speed meter has been calibrated to read correctly at 
standard density (corresponding to 29.92 in mereury at 16 
deg. Cent.) the speed at any other density must be corrected 


standard heights are taken. These values, the results of the 
speed test, are entered in table V. The climb, speed and engine 
r.p.m. curves for these tests are shown in Fig. 2. 


TABLE V 


RESULTS OF SPEED TESTS TAKEN FROM CURVES 











| Standard altitude Speed R.P.M. 
2,000 126.4 1,788 
3,000 126.6 1,780 
4,000 126.8 1,770 
5,000 127.0 1,760 
6,000 127.0 1,752 
7,000 127.2 1,744 
§,000 127.4 1,735 
9,000 127.4 1,725 
10,000 127.4 1,716 
12,000 127.0 :700 
14,000 125.0 {680 
16,000 121.0 1,645 
18,000 114.0 1,595 
20,000 104.5 1,535 

















Fig. 3. Typrcan BarocraPpH CHarT OF A TEST 


New World’s Altitude Record 








RotaNnp Rouurs StanpinG Besive THE Recorp-BREAKING CUR TISS Wasp ON WHICH HE ReEacHED AN ALTITUDE OF 30,700 Fr. 


Roland Rohlfs, test pilot for the Curtiss Engineering Corp., 
established on July 30, at Roosevelt Field, L. 1., a new official 
world’s record by reaching an altitude of 30,700 ft., thus 
breaking the world’s record previously held by Major (then 
Capt.) R. W. Schroeder, U. 8. A., with 28,900 ft., which he 
established on Sept. 18, 1918, at MeCook Field, on an Ameri- 


ean built Bristol bi- 
plane fitted with a 
300 hp. Hispano- 
Suiza engine, 
Model H. 

Rohlfs used in his 
record - breaking 
flight a Curtiss Wasp 
triplane, which is 
fitted with a Curtiss 
K-12 400 hp. engine. 
This machine is a 
modification of the 
Curtiss 18-2 triplane 
(which was described 
in the February 15, 
1918, issue of Avia- 
TION AND AERO- 
NAUTICAL ENGINEER- 
ING); the wings are 
32 ft. 1% in. in span 
and are set at a 
slight sweepback, 
with two bays of in- 
terplane struts per 
wing. 

The flight was 
made under official 
auspices, being wit- 
nessed by a_ board 
appointed by Col. 
Archie Miller, C. O. 
of the Air Service 
fields on Long 
Island. 


A New Worwp’s Autrrupe Recorp 








Curtiss K-12 400 Hp. ENGINE 
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Rohlfs, who left the ground at 2.33 p. m., found himself in 
a temperature of 25 deg. below zero, with a wind blowing 100 
miles an hour, when he reached the top of his climb of nearly 
six miles, the intense cold causing trouble with his engine. He 
cut up the pillow of his seat and tried to use the stuffing to 
protect parts of the engine from the cold, but this was blown 


away as fast as he 
put it in place. 
Rohlfs then climbed 
out on his machine 
to cut a water pipe 
when he thought that 
cold water from the 
pipe was helping to 
chill the engine, but 
he found it difficult 
to leave the controls 
unguarded, and 
finally had to start 
downward, landing 
at 5.28 p. m. 

Rohlfs shortly in- 
tends to make an- 
other altitude flight 
in which he hopes to 
reach the 35,000 ft. 
mark to surpass the 
record made by Sub- 
Lieut. Casale of the 
French Air Force, 
who reached on June 
14, at Villacoublay, 
France, an altitude 
of 10,100 meters 
(33,136 ft.). This 
performance has not 
as yet been certified 
by the Aero Club of 
France as an offi- 
cial world’s altitude 
record. 











The Design of Hollow Interplane Struts 


By Armin Elmendorf 


Engineer in Forest Products, Forest Products Laboratory 


The superiority in strength per unit of weight of hollow 
columns over solid columns has long been recognized and 
utilized. In airplane construction another factor must be 
considered, for it reduces the apparent superiority of the hol- 
low construction over the solid construction. Airplane struts 
are exposed to the air in flight and contribute very appreciably 
to the parasite resistance of the plane and any increase in the 
breadth of the strut increases this resistance. Since hollow 
struts present a greater breadth to the air than do the solid 
struts of the same material and strength, their increased air 
resistance may in some cases overbalance the advantage of 
reduction in weight. 

Coefficients of resistance for airplane struts vary with the 
strut sections, so that no comparison between the struts can 
be made unless the section is known and its coefficients have 
been determined for various speeds. The following discus- 
sion will, therefore, be restricted to struts or columns having 


The effectiveness of the material in contributing to strength 
is determined by its distance from the axis of symmetry; and, 
assuming that failure is not due to crushing of the material, 
the effectiveness of any element varies as the square of its 
distance from the axis of symmetry. Here, again, the hollow 
steel strut seems to possess an advantage over the solid wood 
strut of the same weight. In the former, the material is re- 
moved to what is almost a maximum distance from the neutral 
axis (axis of symmetry), and is, so to speak, concentrated 
along the boundary of the section. In the solid wood strut 
the material is distributed throughout the section so that the 
distance from the neutral axis varies from zero to maximum 
for elements at the boundary. Consequently, the summation 
of the squares of the distances of each element of the same 
weight is not so great for the solid wood strut as for the hol- 
low steel strut of the same total weight and section boundary. 

This 1easoning is based on the assumption that the ratio 








Sotip STREAMLINE STRUT 


Fig. 1. 


the same section, which, it will be assumed, is of constant 
size throughout the length of the strut. In this way the ques- 
tion of comparative air resistance is entirely eliminated, and 
the analysis may be confined to a study of the distribution of 
stresses within the strut. 

The effect of modulus of elasticity on strength, position of 
the material to obtain maximum strength, shear stresses, and 
the buckling of hollow struts are each considered. 

The maximum load that a strut supported on knife edges 
and of constant section throughout the length will sustain is 
n EI 
i 
which P is the load, F is the modulus of elasticity of the 
strut material, J is the moment of inertia of the section, and 
L is the strut length. : 


Effect of Modulus of Elasticity 


Assuming the same length, it is seen from Euler’s formula 
that the maximum load varies directly as the modulus of 
elasticity of the material and the moment of inertia of the 
section. The modulus of elasticity of steel is about 30,- 
000,000, that of bireh about 2,200,000 at 9.6 per cent moisture, 
and of spruce 1,600,000 at 9 per cent moisture. When, how- 
ever, the weight of the different materials is taken into con- 
sideration, we find that in comparing the ratio of modulus 
of elasticity to weight for steel with the corresponding ratio 
for wood, the ratio for steel is about the same as that for 
spruce and somewhat greater than that for birch at these 
moisture contents. The high modulus of elasticity of steel is, 
therefore, not a particular mak of superiority of that ma- 
terial over wood. - 


Effect of Distribution of the Material 


The second variable that affects the magnitude of the load 
a strut will sustain is the moment of inertia of the section, 
which, in turn, varies directly as the cube of the least cross- 
sectional dimension. A 10 per cent increase in the width, 
for example, should increase by 33 per cent the maximum 
load the strut will sustain. However, the considerable in- 
crease in head resistance introduced by an inerease in the 
breadth of the strut makes an increase in strut dimension 
highly undesirable. Greater strength must, therefore, be ob- 


in 





given very closely by Euler’s column formula, P = 


tained by a proper distribution of the material. 
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of moduli of elasticity of the two materials is about the same 
as their density ratios, which is approximately true for steel 
and wood. In making the summation spoken of, we have, 
then, merely to multiply each element by the square of its 
distance, and, since the number of elements of the same 
weight in the two struts of the different materials is the same 
(the strut weights being equal), the conclusion drawn is valid. 

A more detailed mathematical analysis of the same point 
follows. We will take any similar sections of solid and hollow 
columns, as shown in Figs. 1 and 2, where (1) is the section 
of a hollow steel column of the same weight and outside 
dimensions as the solid wood column (2). 

Let EZ, be the modulus of elasticity of Fig. 1, E, that of 
Fig. 2, A, and A, their respective areas, and J, and I, their 
minimum moments of inertia assumed to be about the hori- 
zontal axis. By Euler’s formula, the maximum loads that the 
two columns will sustain bear the following relation to their 
moduli of elasticity and moments of inertia: 

P, ELL, 
Mage i 3 





Now, for steel and spruce = 20, very nearly; and, also, their 


density ratio = = 20, very nearly. 

Since the weights of the two struts are the same, their area 
ratio must be proportional to the reciprocal of the densities. 
Representing the external width of the struts by b, and the 
internal width of the hollow strut by b,, when the internal 
and external sections of the hollow strut are similar, we have 





A. 62 | 
> gag a When the area of the solid strut is 20 times 
2 1 
that of the hollow strut, b, = 0.975 b,. For similar sections 
43,4 
the ratio of moments of inertio, ; = 2 . Substituting the 


values obtained for b, in terms of b, and EZ, in terms of E,, 


we have 
P E, b\\. " 
Pp. * a(1— (3) = 1.95. 


_From this it is seen that on the assumption of the applica- 
bility of Euler’s law to hollow steel struts, such struts may 
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curry about twice the load of solid spruce struts of the same 
weight and section. 


Buckling of Hollow Struts 


Buckling, as will be shown, reduces the apparent super- 
iority of steel over wood as a material for struts. Euler’s 
column formula is based on the assumption that in bending 
no local indentation or buckling takes place. Such an as- 
sumption is, of course, entirely justifiable with respect to 
solid struts or even hollow struts having comparatively thick 
walls, but it is hardly valid for thin-walled columns, such as 
the steel struts under consideration. A limited strip in the 
wall of the strut considered as a “free body” is, in effect, 
also a small column loaded axially at each end. If we apply 
to this strip the laws that govern columns, we may expect 
such a strip to hold very little load. If the width of the strip 
is considerably greater than its thickness (and any other di- 
mension ratio would hardly be justified in this discussion), 
it is obvious that its least moment of inertia must be low, 
especially at those places along the boundary where the curva- 
ture is low. The result of this comparatively low local col- 
umn strength is that buckling takes place. Tests on plywood 
and steel struts with relatively thin shells have shown that 
failure does actually occur at those places midway between 
the ends of the strut where the bending stresses are high and 
the curvature of the boundary is low. In order to obtain 
the best results from steel-shell struts it is necessary, then, 
to provide some form of reinforcement that will minimize 
the tendency to buckle. 


Shear Strength 


Upon loading a strut so that bending takes place, shear 
stresses are introduced. In the case of hollow struts in which 
the material along the neutral surface is too limited in width 
or has low shear strength, these stresses may cause failure of 
the strut by shear. 

The following equation, governing the intensity of longi- 
tudinal shear stress in a strut, shows how the shear stress 
varies with distance along the axis of the strut and at right 


angles to this axis. 
dM © 
= A 
dab ( cep 
e/ 1 


1 
S, = Intensity or unit shear stress along a line parallel to 
the axis of symmetry of the strut section and distant v, from 
the axis of symmetry, and in a direction parallel to the strut 


iM , , 

= = Rate at which the external bending moment M 
x 

changes with respect to distance x along the axis of the strut. 

I = Least moment of inertia of the strut section. b = Breadth 

of the section distant v, from the axis of symmetry. 


length 


c 
i) v dA = First moment of the section bounded by a line 
Vv, 


parallel to the axis of symmetry and distant v, from the axis of 
symmetry, and the strut boundary, ¢ being the distance from 
the axis of symmetry to the outermost fibre. 

The elastic curve of a loaded strut of uniform section ap- 
proximates a sine curve, so that the rate at which the moment 
inereases with respect to distance along the strut is greatest 
at the ends of the strut where the slope of the elastic curve 
with respect to the straight line connecting the ends of the 
strut is greatest, and, consequently, the shear stresses are 
greatest at the ends of the strut. 

The maximum value which the integral for the first mo- 
mént attains is for v, = 0, so that with respect to distance 
at right angles to the plane of symmetry of the strut the 
maximum stresses occur in the plane of symmetry. 

On the basis of the laws governing the strength of hollow 
columns such as interplane airplane struts, it would seem that 
hollow struts of the same weight and section boundary as solid 
spruce struts, and made either of wood having a high modulus 
of elasticity or of a steel shell, should give crippling loads 
superior to those of the solid spruce struts if reinforcement is 
provided to minimize buckling. Shear stresses in such struts 
are greatest at the ends of the strut in the plane of symmetry. 
Sufficient shear strength must be provided in hollow struts to 
prevent failure due to shear. 
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Book Reviews 


AIRPLANE DesiGN anpD Construction. By Ottorino Pomilio. 

(McGraw-Hill Book Company. 403 pp., 242 ill.) 

This book covers a wide range and, being well and accurately 
written, it will be useful for the student as well as for the 
specialist or designer. The terminology is sometimes loose, 
and terms are introduced for which there is no very strong 
justification. Apart from these minor blemishes, the presenta- 
tion is clear and sound. 

Introductory chapters on the structure of the airplane are 
followed by some interesting notes on the radiator and engines, 
and on gasoline systems. Propeller theory is briefly dealt with. 

Part II, dealing with the elements of aerodynamics, gives a 
simple introduction to the subject. It is feared that in the 
consideration of gliding flight and flight with power on, the 
introduction of logarithmic methods will make an easy subject 
seem somewhat harder than necessary. 

A very interesting chapter deals with the possibilities of 
flight with an engine mantaining constant power at altitudes. 
There is also a novel study of long-range flying. The chapters 
on design contain many useful and handy tables. Stress dia- 
grams are worked out with a graphical method for the bending 
moments in truss. There is also a short section on sand testing. 

It is gratifying to see a book which is of real value in the 
aeronautical field. 


AUTOMOBILE AND AERO EwnoGines. By René Devillers. 

(Messrs. E. & N. Spon, Ltd., London.) 

Problems are presented in a clear and simple manner which 
enables the novice to understand the solution readily, while 
the experienced designer can immediately locate formule and 
other data. While the author has at no time forgotten the 
possibility of practical application, the work is mainly con- 
cerned with fundamental principles and not with actual ex- 
amples of construction. 

Chapter III on thermodynamics, chapters IV and V on the 
mechanies, and chapters VI to XIII on design are especially 
good. Each chapter is a complete exposition of the subject 
under consideration. 

The book is divided into the following chapters: 1. The 
working mixture. 2. The laws of gases. 3. The four-stroke 
eyele. 4. Inertia forces. 5. The engine turning moment. 6. 
Engine speed variations and flywheel design. 7. The cylinder. 
8. The piston, piston rings and gudgeon pin. 9. The connect- 
ing rod. 10. Desaxé cylinders. 11. The crank shaft. 12. 
Valves on cam distributor gear. 13. Induction and exhaust 
passages. 14. Engine power and its variations. 15. The cool- 
ing system. 16. The crank case and lubricating system. 17. 
Speed regulation. 18. Engine starting. 19. The two-stroke 
engine. 20. The rotary engine: 21. The laws of similarity. 
22. Engine testing. 23. Adaption of power available to power 
required. 24. Super-compression and super-charging engines. 
Appendix. 





New: Joint Board 


The new Joint Army and Navy Aviation Board has held its 
first meeting with Secretary Baker. 

Plans were diseussed for the closer cooperation of the Army 
Air Service and the Naval Aviation Section, with a view to 
eliminating all duplication of work or expenditures, the dis- 
eussion dealing largely with plans for the expenditure of the 
$25,000,000 appropriated for the Army Air Service and a like 
sum for the Navy. 

Maj.-Gen. Charles T. Menoher, Director of Air Service, 
headed the Army section of the board, and Capt. T. T. Craven, 
Director of Naval Aviation, the Navy end. Secretaries Baker 
and Daniels were also present. 





Michigan Airplane Factory 


Incorporation papers of the Texas Aeroplane Manufactur- 
ing Company will be filed soon. The company will have a paid- 
up capital stock of $1,000,000, and its purpose is to construct 
and operate an airplane manufacturing plant at Grand Rapids, 
Mich. Lieut. C. G. Taylor, Lexington, Ky., is chief promoter 
of the project. iu 











Now that the Atlantic has successfully been crossed by a 
flying boat, an airplane and an airship, and some of the difficul- 
ties involved in these exploits have been realized, attention is 
commanded by another great body of water, which has not 
yet been conquered by airecraft—the Pacific. A price of 
$50,000 has been offered by Thomas H. Ince to the first aviator 
who will cross the Pacific from America to Asia, as specified 
hereafter, and a seaplane, specially designed for the same 
purpose, is now building at the factory of the George D. 
White Co., at Los Angeles. 


The Thomas H. Ince Prize 


The “Rules and Regulations of the Thomas H. Ince 
Trans-Pacific Flight,” states that the prize shall go to the 
aviator who shall first complete an aerial voyage across the 
Pacific Ocean, in a heavier-than-air machine, .mechanically 


The Pacific as a Field of Aerial Activity 


The contest is open to persons of any nationality holding an 
aviator’s pilot license issued by any accredited aero club affili- 
ated with the Fédération Aéronautique Internationale, or to 
persons so rated by any military or naval establishment. 


The entry form, which must be accompanied by the entrance 
fee of $500, must be sent to the secretary of the Pacific Aero 
Club, Monadnock Building, San Francisco, at least fourteen 
days before the entrant makes his first attempt. No entrance 
fee will be required of any military or naval contestant. 


All entrance fees will be applied toward payment of the ex- 
penses of the Pacifie Aero Club in conducting the contest. 
Any balance not so expended will be refunded to the con- 
testants pro rata. 

The start of contestants may be made from land or water, 
but in the latter case, the contestants must cross the coast 
line at the beginning and end of flight. The time will be taken 
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Proposep Route AcROSsS THE PACIFIC OF THE WHITE SEAPLANE 


propelled, of any size and type. The flight may be attempted 
from either side of the ocean, but if westward the starting 
place must be from the Thomas H. Ince Aviation Field, at 
Venice, California, or the Thomas H. Ince Hydro-Airplane 
Station, at Venice, California, and the finish must be on the 
mainland of Australia, or the mainland of the Japanese group 
of islands or the mainland of the Philippine group of islands 
or the continent of Asia; if eastward, the mainland of the 
Japanese group of islands, or the mainland of the Philippine 
group of islands, or the continent of Asia, and the finish must 
be on the mainland of the United States of America. The 
course of the flight must be confined to latitudes 49 degrees, 
north and 32 degrees, 33 minutes, north, of the United States 
of America, and latitudes 41 degrees, 35 minutes, 20 seconds, 
north and 38 degrees, 45 minutes, south of the Eastern Pacific. 

The contest shall be confined between the months of Septem- 
ber, 1919, and February, 1920, inclusive, and contestants must 
complete the trans-Pacifie flight within 288 hours from the 
time of starting. 

In the event that no contestant shall successfully complete 
the trans-Pacifie flight, the contestant who shall have reached 
the Hawaiian Islands in the shortest length of time, shall be 
awarded the sum of $10,000; and in the event that no con- 
testant shall complete a flight to the Hawaiian Islands, the 
contestant starting from these who shall fly the farthest in 
the direction of the Hawaiian Islands shall be awarded the sum 
of $5,000. 





from the moment of leaving the land or erossing the coast line. 
All starts must be made under the supervision of an official 
of the Pacifie Aero Club. 


The White Hydro-Monoplane 


This machine, which has been specially designed for the 
purpose of attempting to cross the Pacific, will be barred from 
competing for the Ince Prize unless the rules and regulations 
for the latter be modified to include the entire Pacific. The 
route which has been mapped out for the White seaplane skirts 
the American coast from Los Angeles to Alaska, whence it 
shapes its course by way of the Aleutian Islands and Kam- 
chatka te Japan, with Shanghai, China, = its terminus. The 
route lies between 53 and 60 deg. latitude North, that is, entire- 
ly outside the belt specified in the Ince prize. 

The distances to be covered on this route are as follows: 





Miles. 
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This route has been chosen in preferencé to one via Hawaii 
and other Pacific islands as being much safer owing to the 
fact that the longest non-stop flight measures only 1500 miles 
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and is generally in sight of land, whereas a flight from Cali- 
fornia to Hawaii involves a non-stop distance of over 3000 
miles without any land being in sight between start and finish. 

The White seaplane is a twin-float monoplane of original 
design. Its most striking feature is the disposition of 
the power plant, which is made up of a Hispano-Suiza 
300 hp. engine installed in the nose of the fuselage and two 
180 hp. engines of the same make which are mounted on the 
wings on either side of the fuselage. All three engines drive 
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The pontoons, which are spaced 15 ft. apart, extend more 
than half the length of the machine to prevent capsizing in a 
heavy sea. They are built of mahogany and cedar veneer, and 
are divided into numerous watertight compartments by means 
of bulkheads; each pontoon has sufficient displacement to alone 
support the machine afloat, and the fuselage is watertight. 
The height of the machine from the pontoon keels to the top 
of the fuselage is 9 ft. 

The monoplane wings have an overall span of 82° ft. and 
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tractor airscrews. This fractioning of the power plant into 
three engine units, two of which develop a horsepower equiva- 
lent to the remaining unit is an interesting attempt to eliminate 
the drawbacks of mechanical breakdown in multi-engined air- 
planes, namely the decrease in flight speed and maneuverabili- 
ty where one wing engine fails.. As this machine has been 
designed to normally fly with 300 hp., its designed speed then 
being 110 m.p.h., the chance of a foreed landing due to engine 
failure is greatly lessened. On the trans-Pacifie flight it is 
proposed to start off on the two wing engines, switch them off 
after a number of hours and turn on the central engine, and 
repeat the performance at given intervals to allow the engines 
to rest and to be inspected. Minor repairs and adjustments, 
such as relating to the carburetion and ignition systems, could 
therefore be made during the flight. 

The fuselage is of monocoque construction, being built up 
of Haskelite, a veneer composed of Oregon spruce and African 
mahogany which is cemented together under hydraulic pres- 
sure. Two cockpits are provided in the fuselage, the one 
forward seating two pilots, while the after cockpit affords 
accommodation to the navigator. The fuselage is roomy enough 
to allow the pilot off watch to stretch himself, for which 
purpose a special locker is provided. The fuel and oil tanks 
are fitted in the fuselage between the two cockpits. The over- 
all length is 39 ft. 


PLAN OF 


THE WHITE SEAPLANE 


are set at an angle of incidence of 4 deg.; they embody a 
sweepback and raked tips. 

The wings are braced to the fuselage by means of solid struts, 
thus doing away with high-resistant external wire stays. This 
type of wing bracing has been thoroughly tested during the past 
two years on single-seater White monoplanes, not to speak of 
other machines, such as the Loening two-seater fighting mono- 
plane, where is has proven its aerodynamical advantages and 
structural strength. 

The control surfaces are balanced to facilitate manual con- 
trol and comprise a divided elevator and rudder beside hori- 
zontal and vertical fins. 

The weight of the machine empty is 3,700 lb. and fully 
loaded for the Pacific flight 7,900 lb. It is claimed by the 
manufacturer that this seaplane has, owing to the high ef- 
ficiency of the monoplane wing arrangement and absence of 
external bracing wires, only 33 per cent the parasite resistance 
of a biplane of equivalent wing area, hence its great loading 
efficiency. 

In view of the attention the Pacific seems to elicit as a com- 
ing seene of aerial competition it is interesting to note that 
with the exception of the Carribean Sea there is perhaps no 
part of the world which seems so well suited for sea flying 
services as the Pacific. Some valuable suggestions were made 
some time ago with regard to this subject by Capt. A. J. 
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Swinton (late R. E.) in an article contributed to the Engineer- 
ing Supplement of the London Times, which is reproduced 
herewith in part. 


Aerial Future of the Pacific 


Distances in the Pacific are great and steamships are slow, 
while sailing schooners are slower still. There are points be- 
tween many of which rapid transport would be a boon. The 
provision of rapid, or even frequent communication between 


them can never be provided except by airplane, because there- 


is not sufficient commercial inducement to pay for the expense 
of providing it by any other means. 

The meteorological conditions are good, the climate is warm 
and generous, and, though there are many violent storms in 
the Pacific, they are chiefly rather local in nature, not very 
long of duration, and, most important of all, while they can 
be clearly and unmistakably forecasted, they do not leave the 
surface of the ocean sullen and irritated for long periods after 
they have passed away, like the gales of the North Atlantic, 
which during the greater part of the winter is turbulent and 
stormy. 

The geographical conditions are also nearly ideal, for every 
few hundred miles are to be found groups of islands forming 
sheltered spots where flying craft could take refuge or refill 
their fuel tanks. 


Commercial Aspects 


It will be asked, “Is there anything in it?” Though this 
question is almost impossible to answer, there are strong rea- 
sons for thinking that there is. The success of such a service 
would depend, primarily, upon the amount of transportation 
to be done, other conditions being satisfactory. It is better to 
consider mails and passengers apart, since it is likely that 
mails will be regularly carried by air before passengers. 

The weight of mail matter, according to the annual report 
of the Postmaster-General, carried inwards and outwards be- 
tween Great Britain and Australia and New Zealand for the 
last pre-war year was approximately 4,000 tons, rather more 
than half of which was outward from the United Kingdom 
and rather less than half was inward to the United Kingdom. 
Suppose, therefore, that Australia could be reached in five or 
six days either via Europe and the Malay Peninsula or via 
U. §. A. and Honolulu, and that the competing routes would 
share half the available traffie—that is to say, one half of the 
total traffic would be sent by one route and the other half by 
the other route—a maximum of about 2,000 tons per annum, 
total out and home, would possibly be available during the 
year along each route. 

One must not assume, however, that the whole of the public 
who correspond with Australia and New Zealand would sud- 
denly avail themselves of this new form of mail service; prob- 
ably only one half of the mail—i. e., that comprising news- 
papers, business letters, and samples—would at first be car- 
ried. Upon this the assumption is made that the mail to Great 
Britain via U. 8. A. would be about 400 tons, while the mail 
in the reverse direction would be about 600 tons per annum. 


American-Australian Mail 


To this, however, must be added a proportion of the present 
mail between U. 8S. A. and our antipodean colonies. Though 
the exact figures for this are not available, it would appear 
from a perusal of the Postmaster-General’s report to be not 
much less than 250 tons a year each way from and to America. 
If we allot 100 tons of this to the aerial route in each direction, 
we would have 500 tons from Australia and New Zealand to 
Great Britain and U. S. A. and 700 tons into the common- 
wealth via the Pacific. 

This gives a working idea of how much mail matter would 


have to be carried—about fifteen tons per week from the 


United States, some ten tons per week to the States. To keep 
on the safe side, however, we will consider that there are only 
nine tons in each direction. To carry this, three flying boats, 
each capable of carrying three tons, in each direction would 
be required weekly. 

Now the argument so far has been to show whether there 
would be any quantity of mails to carry; it seems a fair as- 
sumption that there would, and that passenger-carrying as a 
feature necessary to make the service pay can therefore be 
ignored—though, as a matter of interest, an indication of pos- 
sible fares is given later. 
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The next question to consider is what would be the saving 











in time. This is shown in some comparative tables given 
below: 
Steam Sailing Flying Time 
Ship Schooner Boat Saved 
vLondon-Sydney...........| 32 days 5 days 27, days 
sReturn.... 2... 22... 6.05. 64 days Sead 10 days 54 days 
Sydney-Fiji............... 6 days 14 days 20-24 hours 5-13 days 
SSA ae 12 days 28 days 2 days 10-26 days 
Sydney-San Francisco......| 19 days ah ap 2\%-3 days 16 days 
BEM Resta 5 cc ave ck vee 38 days AB 5-6 days 31-32 days 
as as ozs aeie Oh 3 days 10 days 6-7 hours | 24%4-9'% days 
IN aio vedo en Ck Ko 6 days 20 days 12-14 hours 5-10 days 
Samoa, Fiji, New Hebrides, 
Solomon Is. (subject to 
eonnections)............ 30 days 2 months 1 day 1-2 months 
Pan 4 2 't 0 a0 We clo wae 2 months | 4 months 2 days | 2-4 months 




















v This is via Malay Peninsula, and though it does not strictly come within the 
scope of this scheme it is inserted by way of comparison 


This table shows plainly that journeys “across country,” 
hitherto almost commercially impossible on account of the time 
taken, can be speedily and comfortably carried out in a few 
hours, or at most in a few days. This fact has a distinct busi- 
ness significance. 

Caleulations in the question of airplane maintenance and 
running, based upon experience gained in pre-war days and 
modified by recent experience with machines built since the 
war, indicate that the all in cost of running a flying boat after 
the war, as a commercial proposition, should not exceed 1s. 6d. 
per mile—this figure including fuel, repairs, insurance, depre- 
ciation, pilots, office expense, and all maintenance charges. 
This would give the actual cost of flying a machine from 
Sydney to San Francisco as about £500. 

Dividing the journey into stages, we can gain a rough ap- 
proximation of the postal rates necessary to make a profit. 
Sydney, Brisbane, Mayborough, New Caledonia, New Hebrides 
and Fiji, 142d. an ounce; islands between Fiji and Hawaii, 
3d. an ounce; Hawaii and San Francisco, 442d. an ounce. 
However, if the payment for letters and parcels between Syd- 
ney and San Francisco averaged only 2d. an ounce, and three - 
tons were carried per trip, the receipts per trip would amount 
to £750. 

Passenger Fares 


As to passengers, with a maximum of about thirty and an 
average number of about twenty-five, the cost per passenger 
mile would average about three farthings to a penny a mile. 
The fare would depend, of course, largely upon the number 
of passengers; it might eventually be £20-£30 between Sydney 
and San Francisco. 

Now that we have glanced at the preliminary financial fea- 
tures, let us recapitulate some of the possibilities resulting 
from the establishment of such a service. 

First, the United States of America would be only some 
2% days from Australia, that is, a saving of nearly three 
weeks on the single journey. In addition to this, there would 
be a three times a week service; this would be a point of in- 
terest to the business men of U. 8. A. and Australia. There 
are, however, others who would find out the advantages of 
such a service—namely, those who inhabit, or have to deal with, 
the coast towns and island groups along or near to the track 
of the flying boat. 

The general line of the proposed service would be from 
Sydney to Fiji via Brisbane, Mayborough, the outliers of the 
New Caledonia group, and New Hebrides; thence via Samoa, 
Manahiki, Malden, Fanning and Palmyra Islands to Honolulu. 
From Honolulu to San Francisco the route would be pretty 
well direct unless a favorable wind is found to exist making 
it worth while to deviate from the straight path. This ques- 
tion of deviation to obtain favorable winds is one which has 
yet to be scientifically investigated, and need not be discussed 
here. 

Refuges 


Though the radius of action of a flying boat such as would 
be used on this service would be 500 to 600 miles, it is a 
necessary provision that a refuge of some kind should be 
provided every 200 miles or so, at which fuel and stores could 
be replenished, and shelter provided in bad weather. This 


necessity creates a tendency to locate the route from one island 
to the next, where such islands can be found at convenient in- 
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tervals. However, these islands do not always exist at the 
right places, and it is therefore necessary to supplement the 
natural resting and refilling points by artificial ones. 

These would take the form of small depot ships of 150 to 
200 tons, placed where wanted and kept in their position by 
astronomical observation. There would be a chain of them 
between Honolulu and San Francisco, while a few more would 
be required between Fanning Island and Honolulu, and pos- 
sibly one or two in the Sydney-Fiji section. Their functions 
would be, firstly, to act as fuel depots for flying boats and to 
provide refreshments for passengers and pilots; secondly, to 
act as weather sentinels all along the route. 


Climatic Conditions 


The most important point in ocean flying is the weather. 
This is not because flying boats cannot fly in bad weather. 
They certainly can, and in point of fact they have been flying 
the North Sea by night and day in all kinds of weather for 
the last three years. It is far less the conditions of the air 
that matter than the condition of the sea. The depot ships 
would therefore have to keep an incessant meteorological look- 
out in order that pilots might be warned of the conditions 
expected some hours in advance. 

It should be remembered that the flying machine is not yet 
so perfectly reliable that it is never forced to descend. When 
one of these forced descents has to be made it is always more 
comfortable for pilot and passengers and less exacting upon 
the machine if the surface of the sea is tolerably smooth. In 
short, to descend into the sea during a heavy storm will always 
be avoided if possible, until the day when the size of the 
machines makes them contemptuous of surface conditions. 

These chains of look-outs along the route, each supplied 
with meteorological instruments and fitted with wireless teleg- 
raphy, should make an impossibility of such undesirable con- 
tingencies. When such unfavorable conditions happen to exist 
the pilot would simply wait till the “clouds rolled by,” never 
a very long wait in the Pacific. 


Business Features Summarized 


Let us look once more at the bustness features of the propo- 
sition, which ean be shortly summed up as follows: 


Capital outlay for provision of landing-places, depots, stores, build 
ings, hangars, motor-launches, electric light plants, wireless apparatus, 
workshops, and all such charges can be put down at approximately 
£25 per mile of route. 

As the length of the route is approximately 6,000 miles, the capital 
outlay for the “ permanent way” would be, in round figures, £150,000. 

The capital expenditure for the “rolling stock,” or rather the 
“flying stock ’—i.e., the machines—at about £8,000 each, assuming 
that four would be required to run the service and that another three 
would be kept in reserve, would amount to £56,000. This. makes a 
total of £200,000, which, with an extra £44,000 as working capital, 
brings the total capital to £250,000. 

The inclusive costs, as mentioned elsewhere, are taken at 1s. 6d. 
per mile flown. 

From this it is simple to make a statement as to the possibilities 
of such a scheme maintaining itself. 

An average charge of 2d. per ounce from Sydney to San Francisco 
would give the takings for one single trip, with a load of three tons, 
as £750 in round figures; the actual cost per trip would be approxi- 
mately £500, leaving a net profit of nearly £200 per trip, or nearly 
£400 for each double trip. , 

There are 156 double trips in the year, giving a result of over 
£60,000 per annum, after paying for all maintenance and operating 
charges, repairs, and depreciation, and insurance. 

So it will be seen that the aerial transport of mails over long sea 
routes may provide a means of communication which, while being 
cheap and speedy, has a reasonable chance of paying its own way. 


Though this article has not dealt with the matter of inter- 
island and local services, there is a large seope for such serv- 
ices among certain groups. These local routes would be main- 
tained by smaller boats carrying from eight to ten passengers, 
and costing from 9d. to 1s. per mile to run and maintain. 
Their capital cost would be about £4,000 apiece, while the cost 
—— permanent way would probably not exceed £15-£20 a 
mile. 





Weather Reports Available 


Civilian aviators contemplating long cross-country flights in 
any part of the United States may now wire Washington to 
find out what sort of weather they are likely to encounter, ac- 
cording to an announcement made by the Director of Air Ser- 


vice. This action is one of the first which implies recognition 
of the great part aviation is to play in commerce of the future. 
“To assist aviators as far as possible to make their cross- 


August 15, 1919 


country flights under favorable climatie conditions, subject to 
errors of a weather forecaster and without assuming any re- 
sponsibility for accuracy, the meteorological officer of the in- 
formation group, Air Service, U. S. A., will from the weather 
map reports and in consultation with the officials of the United 
States Weather Bureau attempt to forecast weather for flying 
in any part of the United States for thirty hours in advance of 
noon each day for the aviator making a request and stating 
points of intended flight,” the announcement says. 

“The result of this experiment may determine the value of an 
aerial meteorological service and warrant its organization as the 
cross-country flying increases and aircraft become more gener- 
ally use for the transportation of passengers, mail and mer- 
chandise. Aviators making a flight following the prediction of 
the meteorological officer are requested to advise him as soon 
as possible of the accuracy of the report.” 





Commercial Aviation 


A most interesting booklet entitled Commercial Aviation 
and Its Relation to the Community has just been issued by the 
United Aircraft Engineering Corp. of New York, for the pur- 
pose of acquainting the public with the present status of 
commercial aviation and its future possibilities. 

Considerable space is given to airdrome construction and the 
illustrations of various types of landing fields are especially 
clear. Other pages are devoted to types of aircraft, speed, 
endurance, landing, load, altitude, safety, cost, cost of opera- 
tion, performance, ete. 

While it was originally intended that the distribution of 
these booklets would be very limited, it is now possible for 
all those interested in commercial aviation to secure a copy 
until the present supply is exhausted. Requests should be made 
to the Engineering Department of the United Aireraft Engi- 
neering Corp., 52 Vanderbilt Ave., New York. 





Navy Sells Seaplanes 


The sale of 265 Navy seaplanes has been authorized by Sec- 
retary Daniels, it was announced Aug. 2 by Acting Secretary 
of the Navy F. D. Roosevelt. 

Mr. Roosevelt said that the sale of these machines will give 
commercial airplane transportation companies an opportunity 
to buy high-speed machines of large carrying capacity ready 
for immediate delivery. He said that a number of such routes 
are already in operation or contemplated in the near future, 
such as from New York to Atlantie City, San Pedro to Santa 
Catalina, Key West to Havana, Chicago to Milwaukee and 
other lake cities, and a projected route to the Bermuda Islands. 

The sale will include 83 HS-2L pusher flying boats, each 
with a 330 hp. Liberty; also 72 H-16 and F-5 twin-tractor fly- 
ing boats, each with two 330 hp. Liberty engines. 

The Bureau of Supplies and Accounts, salvage and sale 
section, will issue complete schedules of the sale, giving the 
characteristies of all the machines to be sold, their location, 
appraised value, specifications and terms. 





Balloon Base in New Jersey 


A commission of Air Service officers recently inspected vari- 
ous tracts of lands in the vicinity of Lewistown, N. J., with 
a view to choosing a site for the central balloon and airship 
establishment the lighter-than-air branches of the Army and 
Navy Air Services propose jointly to create on the Atlantic 
seaboard. 

The Naval Air Service has already settled on the location 
of a huge hangar for rigid airships near Lakehurst, N. J.; this 
will be 800 ft. long, 265 ft. wide and 174 ft. high, and hold 
either one 10,000,000 ecu. ft. airship and two smaller ones, or 
two 5,000,000 eu. ft. vessels side by side. This airship station 
will be part of the proposed lighter-than-air establishment, 
which will cover several hundred acres of land, and include, 
beside smaller hangars and fields for Army airships, repair 
shops, gas plants and barracks; a school in which balloon 
students will be instructed in the operation of all types of 
lighter-than-air craft. 
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THE AEROMARINE FLYING SCHOOL 


opening 
SEPTEMBER 1 


offers a complete course in aviation, including the study of aerodynamics, airplane design, and aviation engines in 
addition to actual flying instruction. ; 


Water Flying a Specialty 


@ The instructors of the Aeromarine Flying School have been selected from the most experi- 
enced pilots of the country. 

@ The training machines are maintained in perfect condition by the factory of the Aero- 
marine Plane and Motor Company, manufacturers to the United States Army and Navy. 

@ The Aeromarine Flying School is located on Raritan Bay, one hour from New York City. 


Further information may be obtained from 


C. J. Zimmermann, Chief Test Pilot, Aeromarine Plane and Motor Company, Keyport, N. J. 


AEROMARINE PLANE AND MoToR COMPANY 
Factory: Keyport, N. J. New York: Times Building 


Member Manufacturers’ Aircraft Association 














N.8.B.6. 20-P-la 


ADDRESS BUREAU OF STEAM ENGINEERING, NAVY DEPARTMENT. 


AND REFER TO NO. 419433~736-5=DA 


NAVY DEPARTMENT, 
ExcLosurgs. BUREAU OF STEAM ENGINEERING, 


WASHINGTON. D. C. 


MAY 24 1919 


Gentlemen: 


The bureau desires to express its apprec- 
iation of the splendid rere tele od coeeuiie aa 
hibited by your organization when you were called 
upon to build, in the period bitween 4 P.M. Satur- 
day, May 10th, and 7 P.M. Monday, May 12th, twelve 
= +: PUES sistas take os te on the NC-l, 

-3 an - oats in their 
Newfoundland. ag vee 


The very successful menner in which you 
complied with this difficult request established 
@ record of which you may well be proud. 


- = 


Very respectfully, 


bd . 


Enginser-in-Chief, US. 
Chief of Bureau, 





Amerioan Propeller & Mfg, Co., 
Baltimore Md. 
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(REG. U.S. PAT. OFF.) 


AIRPLANE ENGINES 


HAVE BEEN FLYING FOR TEN YEARS 
They are the product of skilled 


engineering and manufacturing 
experience running through 
three generations. 


Latest types are now available 


Sturtevant Model 5A—4'% Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 
HYDE PARK, BOSTON, MASSACHUSETTS 


Members Manufacturers’ = i Aircraft Association 

















Let Us Buttp THE House ror Your “ SHIP” 
Baker Hangars Met the Exacting Government Requirements 
We have been making quality canvas products for fifty years. 
We also make: 
CLOSE FIT COVERS COCKPIT COVERS ENGINE COVERS 
FUSILAGE COVERS PROPELLER COVERS LIFE BELTS 
AND A FULL LINE OF AIRPLANE ACCESSORIES. Write for particulars. 


BAKER AND LocKkwoop MFc. CoMPpANY, DEPARTMENT A 


KANSAS CITY, MO., NEW YORK, 
Seventh and Wyandotte Streets > = 2 473 Kent Avenue, Brooklyn 
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Navy-and-AirMail-Service 
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MERCHANTS FIRE ASSURANCE CORPORATION 
OF NEW YORK 





AVIATION DEPARTMENT 





Is now issuing policies covering the following hazards to aircraft: 


1. Fire and Transportation 
2. Collision (damage sustained by the plane itself) 
3. Property Damage (damage to property of others) 


Additional coverage may be had against loss by windstorm, cyclone or tornado. 


Austen B. CreHore, Manager, Aviation Department. For two years pilot 
in Lafayette Flying Corps and previously with this company since 1910. 


We should be glad to discuss with those interested the various phases of insurance on Aircraft. 


MERCHANTS FIRE ASSURANCE CORPORATION OF NEW YORK 


45 JOHN STREET, NEW YORK CITY 
Fire—Automobile—T ornado—Explosion—Riot and Civil Commotion 
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LEXIBILITY and versatility, resulting from combined stability and strength, commend Boeing Sea- 
: planes to professional pilots and to sportsmen of the air. Ability to stand up under the most gruell- 
ing tests and day-in, day-out service, the result of perfected materials and refined craftsmanship, assure 
safety to the most daring. The greatest spruce-producing country in the world, surrounding the place 
of Boeing manufacture, gives its best wood to Boeing aircraft. Boeing Seaplanes combine svmmetric and 
asymmetric stability to a degree never hitherto attained. May we address you a personal letter? 


BOEING AIRPLANE COMPANY, Seattle, U.S. A. 


BOEING Seaplanes 








a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the 18 different 

models we are now making 

for 14 aviation motor companies .. . 
reduces vibration and eliminates bearing pressure 


We have shipped 46,637 Aviation Crankshafts to January 16, 1919 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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“FLY A ‘BELLANCA’ AND KEEP THE ‘UP’ OUT OF ‘UPKEEP’”! 











a WT a 


'TWO-SEATER BIPLANE | 


Liat lltt 


’ LOWEST UPKEEP COST | 








FOR SPORT! FOR PLEASURE!! FOR PROFIT!!! | 
PRICE $3,500 F.O. B. FACTORY SIDING, HAGERSTOWN, MD. 


MARYLAND PRESSED STEEL CO. (Aircraft Dept.) 
Sales Manager, HARRY E. TUDOR 299 Madison Ave., N. Y. City 

















ROME “DALTON S I = 


AERONAUTICAL | |e aS de 
RADIATORS 


ng 74 Inches | 
w | MODEL TYPE’ ‘B- 4’ 13 
Developed from years of experience in 
building all types of radiators. 


They possess every feature and qualifi- 
cation necessary for a high grade 
product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 
service. 


Rome - Turney Radiator Company 
Rome, N. Y., U. S. A. 
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Ne. 2B PLAIN MILLER 
Single Pulley Drive 
12 1 No. 9 i 
Sian Se, ae 

Hardened machine steel gears throughout insure 
lees dhe Glee ob cee 
We also build Universal Millers, Dividing Heads. 
Vertical Attachments and Vises. 
Write fer Circu.ar 


THE FOX MACHINE COMPANY 
1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Repids, Mich. 




















FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 


Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 
equipment of Eng- 
lish Government 
Warplanes. 


SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS 


BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, BOSTON, MASS. 














SPRUCE LUMBER 





for 
Airplane Construction 


FOR twenty years we 
have been exclusive 
manufacturers of PACIF- 
IC COAST SPRUCE 
LUMBER. Our product 
-is from the very best forests 


of SITKA SPRUCE. 


We solicit your inquiries 


MULTNOMAH LUMBER 
& BOX COMPANY 


PORTLAND OREGON 
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A Gift of Distinction 
Our Very Latest 


MINIATURE AIRPLANES 


Correct in Every Essential Detail 





SCARF PINS and BAR PINS 


Made in 14kt Gold Only 
Insignia in Hard French Enamel 
Price—Scarf Pin, $10.00; Bar Pin, $15.00 


ARTHUR JOHNSON MFG. CO.., Inc 


Manufacturing Jewelers 
MEDALS, EMBLEMS and TROPHIES 
Originators of Aircraft Jewelry 
14-16 Church Street New York 









AVIATION JEWELRY. 














A Dependable Source Specializing on 





ENUS 


In the design for 4 
new plane, or part of a 
plane, the pencil is the 
first tool used. The mag- 
nificent VENUS Pencils 
lessen the labor of trans- 
ferring ideas to paper; 
their absolute uniformity 
insures accuracy in the 
execution of the plans. 


17 black and 2 copy- 
ing degrees. 


















Special 14c Offer 


Send 14 cents for 3 ‘tial samples, 
mentioning degrees. After you 
find how perfect VENUS Pencils 
are, buy them at any dealer, 





and Clapton, London, Eng. 


PENCILS 






AIRCRAFT 
































American Lead Pencil Co. 
242 Fifth Avenue New York 
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Jouns : 
ANVILLE 


All the experience of this 
organization in the manu- 
facture of speed indicat- 
ing and recording in- 
struments, is available to 
the manufacturer with a 
problem in this field of 
airplane accessory appa- 
ratus. 

Correspondence is invited 


H.W. JOHNS-MANVILLE CO. 
New York City 
10 Factories—Branches in 63 Large Cities 


JOHNS-MANVILLE 


Speed Indicating and Recording 
Aeronautic Instruments 


































PRECISION SCREW 
MACHINE PRODUCTS 


Preferably parts of Nickel and 
Alloy Steels machined from 
Bar Stock, held to close toler- 
ances, hardened and ground. 

















A character of work where ac- 
curacy and quality are the de- 
termining factors. 







Permit us to quote you on 
your requirements. 


ERIE SPECIALTY CO. 


Erie, Pa. 






New York Office, 8 West 40th St. 
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QUALITY INSTRUMENTS FoR AIRPLANES 


Indicating Dial Type Thermometers for 





FOXBOR 


circulating oil and water. 

Airspeed Indicators to determine buoy- 
ancy and avoid stalling. 

Sara Oil Pressure Gauges 

Air Pressure Gauges 


The Foxboro line includes many other types of Indicating and Recording Instru- 


ments designed for all sorts of conditions and purposes. 


Bulletin No. BI-110 describes our Airplane Instruments. 
THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A 


New York Chicago Philadelphia Pittsburgh 


Peacock Bros. Montreal, Canada 


Birmingham San Francisco 








Aluminum Company of America 


General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 


Producers of Aluminum 








Manufacturers of 


Electrical Conductors 


for Industrial, Railway and Commer- 
cial Power Distribution 

also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 


also 
Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd., Toronto 


ENGLAND 
Northern Aluminium Co., Ltd., London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 


You can dispense with the 
preliminary block test— 


by finding the R.P.M. of airplane motors, 
prior to the final tachometer rating, with a 


Veeder 


SPEED COUNTER 


a 
c= 


Simply hold the Veeder against revolving propeller shaft; apply 

slight pressure the moment you start timing; release pressure when 

minute is up. Clutch starts or stops recording mechanism in- 

oat, gone accurate readings without use of stop-watch. 
rice, $3.00. 


Veeder Counters for recording the production of machines 
are standard for all industrial purposes. Write for booklet. 


The Veeder Mfg. Co. 


56 Sargeant St., Hartford, Conn. 














LEARN TO FLY 


in old established school, under an instructor who has 
given instruction to more 


AMERICAN ACES 


than any other instructor. 


Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 








D’Orcy’s Airship Manual 


“A singularly timely and useful work, 
which does for the aerial navies of the 
world something like what Brassey’s 
Annual does for the marine fleets.”—New 
York Tribune, June 8, 1918. 


$4.00 


THE GARDNER-MOFFAT CO., INC. 
22 East 17th Street New York 
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PIONEERS IN THE MANUFACTURE OF PROPELLERS 


Formerly 


Hstablished 1910 Ezcelsior Prop, Co. 


We carry a large variety of propellers in stock. (No rejects.) 
Contractors to United States Government. 











‘ae alll a, 


7 as AIRCKAr i COMPASS 


ACCURATE 
RELIABLE 
HIGH DIRECTIVE 
FORCE. eees#es 
LIGHT WEIGHT 


weaIiTe. FOR 
INFORMATION 


PIONEER 
INSTRUMENT 
COMPANY 
380 CANALST. Ne 


as 











New York Flying School 
A LIMITED NUMBER 


OF 


SELECT STUDENTS 


are being enrolled for tuition at. the above school situated 
within 30 minutes of Times Square (in New York State) 
under the instruction of American “ Aces” and retired 
service instructors using modern military training ’planes. 
EVERY BRANCH of. aeronautics,.from ground mechanics 
to Cross Country flying with map and compass will be in- 
cluded in the course. 


COMPLETE COURSE 
including all flights for Civilian License $500.00 with no 
charge for breakage. 
For further particulars, apply by mail to 
D. L. LAMB (lately Military Aviator) 
11 East 38th Street New York City 














NEW ano USED AIRPLANES avo MOTORS 


Offer, among others, the following Seaplanes and 
Flying Boats 
Curtiss JN4 Seaplane 
Thomas Seaplane 
Standard Seaplane 
Aeromarine Seaplane 
“x jt ( / § Curtiss Flying Boat 
Thomas Flying Boat 
USAC twin motored 4 passenger flying boat and others 


Land machines Aeronautical motors 
Tractor biplanes 30 to 300 HP. 


Send for lists “ AN” * State your needs 


Cable Address: USAE, New York 
Long Distance Phone: Cortlandt 449 


“.S. ALRO LACHANGE 

























378 PARA ROW 
NEW YORA C/TY 
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Half of the 
American airmen 
have proved the 
Berling’s worth, 


neto 


od; 5 





Berling Mag 





ENGINEERS 


Airdromes—Fields, Equipment, Operation. 
Aircraft—Design, Construction. 
Aerial Transportation. 


United Aircraft Engineering Corporation 
52 Vanderbilt Avenue 
New York 






























DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries 


DOEHLER DiE- CASTING Co. 


westean par’ BROOKLYN.NGY% sew srnsry ruart 
TOLEDO.OHIO. NEWARK. N.J. 


Aleo Die-Cas Babbii Bearings, Die-Castengs 
Brass & Bronze Aiuminum and White ‘Maal al Alloys 





CARBURETOR 


BoVERY Liberty Aircraft 
Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zemth users. 


Zenith Carburetor Co. 
NewYork DETROIT Chicago 
















AVIATION 


August 15, 19]9 





. AIRPLANES——-DEVELOPERS OF SPECIAL AIRCRAFT——SEAPLANES 


WITTEMANN-LEWIS AIRCRAFT COMPANY, ‘Inc. 


BUILDERS SINCE 1906 











“EMAILLITE” 


Five Dollars a Gallon 


The Premier French “ Cellulose Acetate ” 
Airplane Dope 


Manufactured by the 


AMERICAN EMAILLITE COMPANY 
549 West Washington Street, Chicago, Illinois. 














Flottorp Manufacturing Co. 


AIRCRAFT PROPELLERS 
Established 1912 


213 Lyon St., Grand Rapids, Michigan 








Contractors to United States Government 











Dy, For Your Flying 
-- : <—Boats Use 
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de Cre<ve> o<0e™ 





Upward of 5,000 gallons 
of Jeffery’s Patent 
Waterproof Liquid Glue 
has been used by the 
U.S. Navy and War De- 
partments during the 
past year, and as much 
more by the various 
manufacturers of sea- 
planes having govern- 
=—— ment contracts. 


\ W. FERDINAND & L. W. Ferdinand & Co. 


BOSTON, MASS. 152 F neeland Street 
Boston, Mass., U.S. A. 





EFFERY'’S PA TE 
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CAPITAL JIGS 
TOOLS 


GRINDER STAMP INGS DIES 


E realize is air or at sea there should be so 

faulty material. All machine parts must be 

made right and perform their functions properly 
hence we have equipped our new plant to turn out work 
‘of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL CoO. 


LANSING. MICHIGAN 














Grand Rapids Vapor Kilns 


are used by these aircraft concerns with absolute 


satisfaction. 


Standard Aircraft Corporation 
Fisher Body Corporation, 
American Propeller & Mfg Co: 
Alexandria Aircraft Corp., 
Gallaudet Aircraft Corp. 
Thomas-Morse Aircraft Corp. 
Submit your drying problem to experts who make a 
specialty of kiln design and are prepared to furnish and 


install all equipment and instruments. 


GRAND RAPIDS VENEER WORKS 
Grand Rapids, Michigan Seattle, Washington 




















AIRCRAFT WIRE 


STRAND AND CORD. THIMBLES 
AND FERRULES 


JOHN A. ROEBLING’S SONS 
COMPANY 
TRENTON, NEW JERSEY 




















CLASSIFIED ADVERTISING 


10 cents a word, minimum charge $2.00, payable in advance. Address replies to advertisemetn 
AVIATION AND AERONAUTICAL ENGINEERING, 22 East Seventeenth Street, New York. 


with box numbers, care of 








Excellent opportunity to purchase flying boat hull complete, with 
uncovered wing panels, struts, and gasoline tank at extremely low 
price. Can be seen in Bridgeport by appointment. For particulars 
address Harry B. Snell, care of New Haven Wire Machinery Co., New 
Haven, Conn. 


1 Hispano-Suiza 100 hp., four cylinder, airplane engine. 


FOR SALE 
Address Mullins 


New. Same condition as received from factory. 
Body Corporation, Salem, Ohio. 





CLASSIFIED ADVERTISING in Aviation and Aeronautical Engi- 
neering reaches the aeronautical public. 
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Keeping Up With Aeronautics 


COMPARATIVELY new science, suddenly developed 
A beyond its years, such as aeronautics, that gives promise 

of almost unlimited commercial worth, is interesting from 
two points of view. 


The designers and constructors, the creators, the builders, the 
critics—the workers and the masters of aeronautics—may be 
pardoned if to them this field seems chiefly technical. For them 
is intended AVIATION AND AERONAUTICAL ENGINEERING, now 
in its fourth year, the technical aeronautical authority. 


But there is another angle. 


A science that has given rise to an industry—a fast-growing in- 
dustry—has as well news. And happenings in the aeronautical 
world are as worthy of record as new data. 


In the news of the industry is found the commercial application 
of its technical development. This news is not merely the scale 
whereon technical aeronautics may measure material results, 
but forms as well the angle most easily understandable to the lay- 
man and the enthusiast. 


To present the news of aeronautics with an accuracy and a 
promptness to rival the authority of this publication in matters 


technical is the purpose of AIRCRAFT JOURNAL. 


Does not this angle also interest you? 


Six months a dollar AIRCRAFT JOURNAL Two dollars the year 


22 East Seventeenth Street, New York. 


i 
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Surgery by Aeroplane 


[' was once the exceptional surgeon 
who made his rounds by automobilc. 
What about visiting patients by aero- 
plane? 

Not a bad idea, according to Dr. F. A. 
Brewster, of Beaver City, Nebraska. 
Called to Herndon, Kansas, to perform 
an operation, Dr. Brewster covered fifty- 
five miles in fifty minutes, reached his 
patient, operated, and returned in an- 
other hour to his home. He had Curtiss 
service. His is one of a number of ex- 
periences showing how the air road is 
the road to patient when time-saving is 
necessity. 
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There is a splendid opportunity for dealers to become iden- 
tified with this profitable industry. Get in on the ground 
floor by writing for our sales plan for your territory. 


CURTISS AEROPLANE ano MOTOR CORPORATION 


Sales Offices : 52 VANDERBILT AVENUE, NEW YORK Member Manufacturers’ 


CURTISS ENGINEERING CORPORATION, Garden City, L. I. ae Ae 
THE BURGESS COMPANY, Marblehead, Mass. 


SOC SSHSHEOEEEOS SESE EFSHOOOFS OOOO SEH 26 OH SES FHSS SEOE 


TUITION TROD MIU VM OTTO ITPLOU NCO LOTTO TORT TN 








*oees 
ee OP OOOO 0000900000 0000 00000000 0000008000900 00000 00000080000 0000000000085 0000808 6 OO eee te bsoeoecbesteees COS SOOSOEO SOSH SOHO SOSOSOSOSOSOSOS OST SOSOEO SOSH SOSOSSIOS 


141 








—— 


PULA Lec MRE PU CO I a VW It ii CURLER APEC CGM! LLAMA LOLOL AAR ALGAE LPR 


















































ae ay 
is 


ome 


ee fre 
Scie ee — — 


As el Se 







































































